UNCLASSIFIED 


AD  NUMBER 


AD889845 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  only;  Test  and  Evaluation;  JUN 
1971.  Other  requests  shall  be  referred  to 
Commanding  Officer,  Frankford  Arsenal,  PA 
19137. 


AUTHORITY 


FA  D/A  ltr,  14  Aug  1973 


THIS  PAGE  IS  UNCLASSIFIED 


REPORT  #6003 


7.62M5I  HEAT  TREATEDSTEEL  CARTRIDGE  CASE 5 


BY 


PHILIP  B.  TAYLOR 
SIDNEY  WHITE 


June  1971  D  D  C 

nrpr^ 


n 


q^lJlliS33Iu  i 


!! 


Distribution  limited  to  U.S.  Government  agencies  only;  Test 
and  Evaluation,  June  1971.  Other  requests  for  this  document 
must  be  referred  to  the  Commanding  Officer,  Frankford 
Arsenal,  Philadelphia,  Pa.  19137,  Attn:  SMUFA-J7200. 


DISPOSITION  INSTRUCTIONS 


Destroy  this  report  when  no  longer  needed.  Do  not  return  it  to  the  originator . 


tf  . 

[gm  msiis  JEcnca  o 

t3^  im  ssmo* 

S-KSSZ-SB  O' 

:c5nrt0ATi08  - — - 

S3TEiS3I55s7WAJlBilfn  505§ 
KCT.  ■  Mil.  Ki/»  SfEEtAt] 


The  findings  in  this  report  are  not  to  be  construed  as  an  official  Department  of  the 
Army  position  unless  si  designated  by  other  authorized  documents. 


REPORT  *6003 


7.G2MM  HEAT  TREATED  STEEL  CARTRIDGE  CASE 

BY 

PHI  LIB  B.  TAYLOR 
SIDNEY  WHITE 


AMCMS  Code  4810.16.9987.7.06.01 


Distribution  limited  to  U.S.  Government  agencies  only;  Test 
and  Evaluation,  June  1971.  Other  requests  for  this  document 
must  be  referred  to  the  Commanding  Officer,  Frankford 
Arsenal.  Philadelphia,  Pa.  19137,  Attn:  SMUFA-J7200. 


Ammunition  Development  and  Engineering  Laboratories 
FRANKFORD  ARSENAL 
Philadelphia.  Pa.  19137 


June  1971 


SUMMARY 


Under  direction  oi  tne  Secret:  »*y  of  Defense  and  in  accordance  with  the  Copper 
Conservation  Program,  the  development  of  an  improved  neat  treated  steel  case  for 
7.62mm  ball  and  tracer  cartridges  was  begun  at  Frankford  Arsenal  in  1966. 

A  previous  7.62mm  steel  cartridge-case  Product  Improvement  program  was  con¬ 
ducted  at  Lake  City  Army  Ammunition  Plant  and  Frankford  Arsenal,  but  was  dis¬ 
continued  in  1957  and  1960  respectively,  without  conclusively  establishing  a 
functional  cartridge  case.  A  process  was  established  and  cartridges  were  manu¬ 
factured  but  were  never  tested  by  USATECOM.  Past  efforts  demonstrated  though, 
through  manufacture  of  two  million  steel-cased  cartridges  at  Lake  City,  and  lesser 
quantities  at  Frankford  Arsenal,  that  a  heat  treated  7. 62mm  steel  cartridge  case 
was  feasible,  however,  improvements  were  required  in  material,  simplification  of 
process,  heat  treatment,  surface  coaling,  and  control  of  quality,  acceptability,  and 
uniformity. 

Work  under  the  present  program  was  based  largely  upon  the  results  obtained  from 
earlier  efforts,  and  resulted  in  a  considerably-improved  cartridge  case,  meriting 
TECOM  evaluation  for  standardization;  this  case  was  manufactured  utilizing  im¬ 
proved  material  and  simplified  processing  methods.  Major  changes  and  deletions  to 
previous  processes  were  made.  Induction  heal  treating  with  oriented  quench  and  a 
varnish  surface  coating  were  employed;  and  operations  such  as  mouth  and  body 
anneal,  retaper  and  replug,  and  zinc-plate  cronuk  treat  were  eliminated.  In  addi¬ 
tion,  tooling,  lubrication,  and  controls  were  improved. 

The  present  program  was  planned  ar/J  conducted  ;n  two  phases.  Phase  I  included  the 
evaluation  of  previously  established  processes,  the  examination  and  testing  of  the 
components  and  ammunition  produced,  and  the  acquisition  and  installation  of  the 
accessary  process  equipment.  Temporary  manufacturing  procedure  (TMP)  301  was 
established,  which  specified  processing  methods  using  Republic  C1025  steel,  under 
which  developmental  quantities  of  cases  were  manufactured.  Process  modifications 
were  made  to  TMP  301  on  a  lot-by-lot  basis  until  proof  testing  indicated  that  a 
satisfactory  process  had  been  obtained. 

Phase  II  of  the  program  required  the  production  of  approximately  one  million  steel- 
cased  cartridges  under  TMP  305,  using  Sharon  C1025  steel,  which  was  based  upon 
the  modifications  to  TMP  301  found  most  satisfactory  during  Phase  I  of  the  program. 

Cartridge  case  quantities  for  ET/ST  were  shipped  to  the  specified  test  locations, 
namelj',  APG  (tests  not  completed);  USA  Infantry  Board,  Fort  Benning  (tests  com¬ 
plete^;  USA  Armor  and  Engineer  Board,  Fort  Knox  (tests  suspended  pending  APG 
outcome);  and  USA  Arctic  Test  Center,  Fort  Grcely  (tests  completed).  Official 
TECOM  statement  of  position  is  dependent  on  the  outcome  of  Engineer  Tests  at  APG, 
which  have  been  delayed  due  to  higher  priority  work. 
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Since  the  start  of  the  steel  case  program  in  196(5,  supplies  of  copper  in  the  free 
world  market  have  become  more  stable  and  less  costly.  The  Copper  Industry  Trade 
Institute  has  projected  world  copper  supply  over  the  next  few  years  and  has  com¬ 
pared  this  with  projected  copper  demand  for  the  same  period.  Forecasts  indicate 
that  there  will  be  a  surplus  rather  than. a  shortage  of  copper  in  the  near  future;  much 
of  this  world  copper  however,  is  mined  in  countries  with  unstable  governments,  and 
labor  problems  arc  a  continual  threat  to  copper  supplies.  As  a  result  of  this 
apparently-improving  condition  of  copper  supplies,  present  plans  call  for  complete 
documentation  of  steel-case  manufacturing  techniques,  as  developed  to  date,  in  the 
event  that  copper  again  becomes  scarce.  While  determination  of  the  ultimate  degree 
of  success  or  failure  of  the  program  rests  with  ET/ST  results,  this  report  relates 
the  present  state  of  the  art  of  heat  treated  steel  case  development  and  manufacture. 

PROCESS  METALLURGY 

In  addition  to  routine  checks  of  hardness,  microstructure,  material  quality,  etc. , 
conducted  throughout  processing,  two  comprehensive  process  evaluations  were  made 
to  determine  the  metallurgical  adequacy  and  suitability  of  the  processes  used. 

The  first  of  these  evaluations  was  performed  during  processing  under  TMP  301  to 
investigate  the  effects  of  different  processing  methods  and  to  predict  the  probable 
outcomes  of  the  various  methods.  The  evaluation  is  essentially  a  study  of  ease  lot  6, 
(see  Appendix  A)  with  appropriate  evaluations  of  components  from  other  lots,  when 
these  components  differed  metallurgical ly  from  those  of  lot  6.  It  should  be  noted 
that  lot  6d  was  manufactured  utilizing  the  process  which  was  subsequently  adopted 
for  processing  of  TMP  305. 

The  metallurgical  evaluation  of  processing  under  TMP  305  shows  representative 
hardnesses  and  microstructures  of  sample  components  taken  from  each  lot,  at 
successive  stages  of  processing.  Note  that  case  lot  numbers  1  thru  8  listed  in  the 
TMP  305  evaluation  bear  no  relationship  to  case  lots  1  thru  9  in  TMP  301  processing. 

The  steels  used  for  manufacture  of  the  heat  treated  case  were  both  of  AISI  grade 
CI025.  Manufacturer's  ladle  analyses  and  Frankford  Arsenal  check  analyses,  given 
in  Tabic  I,  show  chemical  compositions  to  be  within  AISI  limits  for  these  analyses, 
respectively.  Both  steels  were  fine-grained,  aluminum-killed  steels  having  low 
phosphorus  and  sulfur  content,  making  them  ductile  and  suitable  for  deep  drawing. 
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TABLE  I 

CHEMISTRY  of  C1025  STEEL  STRIP 


Manufacturer's  Ladle  Analysis 


Manufacturer 

C 

Mn 

P 

_S„ 

Si 

Ak. 

Republic 

.24 

.43 

.010 

.022 

_ 

Sharon 

.24 

.34 

.010 

.016 

.04 

“ 

Frankford  Arsenal  Check  Analysis 

Manufacturer 

C 

Mn 

P 

S 

Si 

A1 

Republic 

.22 

.44 

.003 

.021-c 

.10 

.03 

Sharon 

.25 

.35 

.006 

.  018 -c 

.10 

.05  -  .10 

METALLURGICAL  EVALUATION  OF  DEVELOPMENTAL  CASE  LOTS  MANUFACTURED 
FROM  REPUBLIC  C102S  STEEL  UNDER  TMP301 

1.  Strip.  The  as-received  material  was  relatively  fin?  grained  (6  to  7)  with 
most  of  the  carbides  in  spheroidal  form  (see  Figures  1  and  2).  The  hardness  is 
between  Rb  GO-65.  Prior  to  spheroidization,  the  structure  of  this  strip  consisted  of 
areas  of  pearlite  and  ferrite.  The  scattered  areas  of  spheroidization  result  from 
transformation  of  thecarbide  in  the  pearlite  from  lamellar  to  spheroidal  form. 


(a)  As-drawn.  The  sidewalls  of  these  cups  were  work  hardened  approx¬ 
imately  30  points  to  Rb  9.1.  Unrestr.ctcd  grain  fiow  was  evident  in  all  areas. 
Following  is  a  typical  hardness  pattern  for  this  piece  (all  readings  are  Rb  and  are 
taken  at  1/8  inch  intervals). 

Rb  93  93 

93  92 

86  66  72  88 

(b)  Annealed  (1320°F).  This  treatment  brought  the  hardness  down  to  the 
level  of  the  original  strip  material. 

Rb  64  64 

63  64 

57  60  62  58 


3.  First  draw  piece. 


Longitudinal  view  of'  Republic  Steel  strip,  as  received.  Spheroidal  carbides  are 
not  discexnable  at-  this  magnification.  It  can  be  seen,  however,  that  these  carbides 
formed  only  in  former  pearlite  areas.  Grain  Size:.  6  to  7 


(a)  As-drawn.  No  metallurgical  defects  were  detected  at  this  stage  of  the 
process.  The  sidewall  was  work  Hardened  to  Rb.96. 


Rb  96 

96 

9G 

9G 

95 

9G 

95 

95 

88  64  G4  85 


(b)  Annealed  (1340°F).  This  piece  was  a  bit  harder  than  the  strip  or 
annealed  cup;  Nevertheless,  it  was  adequate  to  permit  formation  of  the  second 
draw  piece  with  little  difficulty. 


Rb  66 

67 

GG 

66 

1 

G5 

66 

G4 

66 

58  GO  G2  G6 


4.  Second  draw  piece. 

(a)  As-drawn.  The  sidewall  of  this  process  piece  was  cold  worked  to  Rb  99. 
This  is  only  one  point  below  the  finished  item  requirement  of  Rb  100  (Rc  22). 


Rb  99 

9? 

99 

99 

99 

98 

98 

97 

96 

92 

86 

84 

85  75  72  79 


(b)  Annealed  (1320°F).  This  piece  is  a  bit  harder  than  the  second  draw  piece 
after  annealing. 


Rb  60 

66 

68 

67 

69 

68 

68 

(58 

68 

67 

64 

68 

72  GG  68  57 


5.  Third  draw  piece. 


(a)  Annealed  prior  to  third  draw.  This  piece  did  not  get  quite  as  hard  as  the 
second  draw  piece. 


Rb  85 

90 

93 

91 

95 

93 

91 

94 

95 

94 

94 

nr 

93 

O'! 

J*) 

*x2 

95 

90 

95 

85  78  77  84 


(b)  Not  annealed  prior  to  third  draw  (lot  9).  Some  pieces  were  Grown  with¬ 
out  an  anneal  m  an  attempt  to  attain  the  required  sidewall  properties  without  a  heat 
treatment.  However,  it  appears  that  the  spheroidized  structure  had  reached  its 
maximum  hardness  at  second  draw.  An  increase  in  hardness  of  only  one  point,  from 
Rb  99  to  Rb  100  was  achieved. 


Rb  94 

99 

99 

1G0 

99 

100 

1G0 

100 

100 

100 

99 

100 

95 

96 

91 

93 

99 

99 

88  75  78  92 


This  piece  does  not  meet  the  sidewall  requirements  of  the  item  specification. 


(c)  Hardened  and  tempered  at  1250°F  prior  to  third  draw  (lot  91. 

This  treatment  was  performed  in  an  effort  to  attain  the  required  properties  without 
necessitating  heat  treatment  of  the  finished  case.  With  this  treatment,  cold  work  is 
done  on  a  tempered  martensite  rather  than  a  spheroidized  structure.  However,  the 
hardness  again  did  not  exceed  Rb  100. 


Rb  88 

91 

99 

97 

99 

99 

99 

100 

100 

97 

97 

99 

99 

98 

98 

94 

97 

96 

97 

98 

95  89  91  94 
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(d)  Annealed  after  second  draw ,  beaded  and  body  annealed  (preparatory  to 
taker  mgy  after  ihi^d  era*.  The  body  anneal  is  pet  Icrmed  by  direct  flame  impinge- 
meni.  As  a  resell.  control  of  the  microstructure  is  very'  poor.  In  most  instances, 
tbe  cwtfc  area  is  heated  above  the  critical  temperature  producing  a  ferrite- 
pcarkie  structure.  Tfcc  softest  point  occurs  just  below  the  shoulder  where  the 
effects  of  sp&eroidizstioa  are  not  destroyed  (sec  Figures  3-5). 


Rb  74 

73 

72 

■71 

65 

69 

59 

53 

S3 

SS 

33 

95 

96 

96 

S3 

97 

99 

S3 

99 

SD 

S4  90  39  95 


G.  Un-fac£S.-tLrea£ed  case  (annealed  prior  tc  third  drawl. 


fa)  Body  annealed  prior  to  tapering.  The  various  microstructures  present 
:n  this  piece  are  shown  in  Figures  3,  4  and  5.  Figure  3  represents  the  as-drawn 
sidewall  in  the  area  left  unaffected  by  the  body  anneal.  Figure  4  represents  the 
softest  area  on  the  case,  approximately  1  1/4  inch  from  the  base  end.  Spheroidiza- 
tioa  has  been  retained,  the  structure  has  keen  formed  through  recrystallization  of 
the  cold— worke  sidewall.  Figure  5  is  from  the  mouth  area.  The  temperature  in 
this  area,  exceeded  the  lower  critical  temperature  (hiring  body  annp^l  resulting  in  the 
formation  of  pearlitc  dbring  cooling.  The  existance  of  the  soft  area  in  the  sidewall 
allowed  wrinkling  to  occur  (hiring  tapering.  This  condition  tesulted  in  sidewall 
failures  during  ballistic  testing.  Following  is  a  hardness  pattern  for  this  piece; 

Hardness 


Distance  from  Base  (in.) 

0° 

ISO1 

1. 375 

Rb  39 

96 

* 

1.390 

79 

30 

j 

1.250 

65 

6S 

i 

l 

1.000 

97 

94 

.  750 

94 

93 

> 

.500 

92 

92 

.250 

91 

91 

y 


Figure  3  Neg.  #530  -1966  Mag;  5QOX 

Mid-Sidewall  position,  l-l/8  inch  from  the  head,  before  heat  treatment.  The  piece 
has  been  body  annealed  and  tapered.  The  structure  is  essentially  ferritic  with 
spheroidal  carbides.  The  effect  of  cold  working  is  still  evident,  indicating  that 
body  annealing  had  very  little  influence  in  this  area. 
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Figure  4  Neg.  #531-1967  Mag;  500X 

Same  as  Figure  3  ,  but  l-l/2  inch  from  head.  The  steel  in  this  area  recrystallized 

during  body  anneal.  This  is  the  softest  area  of  the  case  at  this  stage,  and  as  a 
result  wrinkles  are  produced  during  tapering. 
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Figure  5  Neg.  #$32-1967  Mag:  500X 

Same  as  Figures  3  and  4  ,  but  1-7/8  inch  from  base  (in  mouth  area).  The  presence 
of  carbide  in  other  than  the  spheroidal  form  shows  that  this  area  exceeded  the 
lower  critical  temperature  during  body  anneal.  Ideally,  this  should  be  the  softest 
area  of  the  case  before  tapering. 
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Hardness 


Base  Position 

,0° 

180C 

A 

89 

89 

B 

90 

88 

C 

94 

96 

D 

96 

97 

(b)  No  body  anneal  prior  to  taper.  The  body,  anneal  was  not  performed  in 
order  to  eliminate  wrinkling.  The  wrinkles  Were  successfully  eliminated  as  were 
the  ballistic  :failu  res. 


Hardness 


Distance  from  Base  (in. ) 

120° 

1.875 

96 

96 

1.500 

95 

95 

1.250 

94 

94 

1.  000 

93 

93 

.750 

93 

91 

.500 

92 

91 

.  250 

91 

89 

Hardness 

Base  Position 

_ol 

180° 

A 

89 

89 

B 

90 

88 

C 

94 

96 

D 

96 

97 

7.  Heat  treated  case  (lot  4).  The  following  table  shows  the  hardness  pattern 
of-several  cases  hardened  by  induction ,  and  tempered  at  various  temperatures  for 
75  minutes.  These  cases  received  a  body  anneal  prior  to  tapering. 

Distance  from  As  Tempered  75  minutes  at 

Base  (in.)  Quenched  800°F  850°F  875°F  900°F 


1.969 

Kb  92 

Rb  61 

Rb  66 

— 

Rb  69 

1.937 

98 

62 

75 

Rb  64 

68 

1.875 

Rc  29 

85 

88 

79 

86 

1.831 

— 

— 

— 

87 

— 

1.715 

41 

97 

97 

— 

93 

1.675 

— 

— 

— 

94. 

— 

1.500 

46 

Rc  26 

Rc  24 

Rc  24 

.Rc  20 

1.250 

51 

28 

26 

24 

23 

1.000 

51 

28 

26 

24 

23 

ir  | 

3  Distance  from 

As 

Tempered 

75  minutes  at 

£  ? 

M  | 

S’  a 

Rase  (in.) 

Quenched 

800°F 

850°F 

S75°F 

900r>F 

f  § 

X  I 

s  i 

§  r4 

^  .  750 

50 

28 

26 

25 

23 

3  . 500 

49 

28 

27 

26 

22 

1  f 

|  .  . 250 

50 

29 

26 

26 

24 

!  ! 

Base  Position 

Ef  V 

£  * 

;  A 

50 

29 

25 

25 

22 

£  l 

b 

49 

29 

26 

25 

22 

2 

l 

*  c 

49 

29 

26 

25 

24 

%  ; 

1  i 

D 

49 

29 

26 

26 

24 

All  of  the  tempered  pieces  fall  within  the  hardness  range  specified  on  the  drawing  as 
shown  on  the  graph.  Figure  fi.  The  induction  coil  was  positioned  such  thai  it  heated 
directly  only  the  body  and  head  portions  of  the  case.  The  natural  conductivity  of  the 
material  was  relied  upon  to  heat  the  mouth  and  shoulder  areas.  The  cycle  was  such 
that  the  critical  temperature  was  not  exceeded  m  the  mouth.  As  a  result,  this  area 
did  not  harden,  and  a  mouth  anneal  (for  crimping)  was  not  necessary.  The  temper¬ 
ing  treatment  was  sufficient  to  bring  the  mouth  w  ithin  the  required  hardness  range. 


The  microstructure  of  the  as-quenched  body  is  shown  in  Figure  7.  This  structure 
is  essentially  10 O'*  martensite.  The  micrcstructure  of  various  areas  of  the 
tempered  body  are  shown  in  Figures  8-14.  These  photomicrographs  illustrate  the 
differential  effect  of  heat  treatment.  The  area  from  the  upper  sidewall  to  the  base 
is  essentially  all  tempered  martensite.  The  shoulder  and  lower  mouth  area  is  a 
mixture  of  martensite  and  ferrite.  The  open  end  is  primarily  ferrite  and  spher¬ 
oidal  carbide  with  some  areas  of  what  appears  to  be  pearlite.  This  is  almost 
identical  to  the  mouth  area  after  body  anneal;  heat  treatment  had  very  little  effect  on 
this  area  other  than  to  relieve  the  stresses  introduced  during  tapering.  Subsequent 
tempering  was  sufficient  to  bring  this  area  within  the  required  hardness  range  of 
R(15T)  82-80. 


Hardness  patterns  for  two  heat  treated  cases  which  received  no  body  anneal  prior  to 
taper  (Lot  0D)  are  shown  below.  These  pieces  were  tempered  at  800°F  for  75 
minutes. 


Hardness 


No.  1 


No.  2 


Distance  from  Base  (in.) 

Jl 

180° 

180° 

1.934 

Kb  66 

Rb  65 

Rb  65 

Rb  64 

2 

1.875 

67 

73 

68 

78 

1.831 

70 

77 

72 

SI 

1.500 

75 

S9 

85 

92 

- 

1 . 250 

96 

96 

99 

96 

1.000 

He  30 

He  24 

Rc  31 

23 

.  750 

31 

31 

31 

29 

11 
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Figure  8  Neg.  #280-1967  Mag:  1,0Q0X 

Mouth  area  of  tempered  case,  position  1  (See  Figure  G  ).  This  micro structure 
consists  of  ferrite,  spheroidal  carbide,  and  probably  pearlite.  Hardness  is 
Rb65,  which  is  sufficiently  soft  for  crimping. 


Figure  0  Neg.  #281-1967  Mag:  1,000X 

Lower  neck,  position  2  (See  Figure  6  ).  This  dual  micro structure  consists  of 
ferrite  (white)  and  tempered  martensite.  This  structure  is  typical  of  a  steel 
held  between  the  lower  and  upper  temperatures  prior  to  quench.  (This  area 
probably  did  rise  above  the  upper  critical  temperature,  but  not  for  long  enough 
*•.0  allow  complete  transformation  to  austenite). 
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Shoulder,  position  3*  Same  as  position  2  but  showing  a  higher  ratio  of  martensite 
to  ferrite.  This  area  reached  a  higher  temperature  than  position  2. 


Upper  sidewall,  position  4* 


Neg.  #283-1967  Mag:  1.000X 
This  area  is  primarily  fine-grained  tempered 


martensite  but  with  small  areas  of  untransformed  ferrite. 
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Figure  12  Meg.  #284-1967  Mag:  l.OOOX 

Middle  sidewall,  position  5*  This  structure  is  almost  fully  martensite.  Some 
non— metallic  inclusions  in  the  form  of  stringers  are  visible. 


Figure  13  Neg.  #285-1967  Mag:  1,000X 

Lower  sidewall,  position  6.  This  area  is  also  tempered  martensite  but  the  grains 
are  larger  than  at  position  5-  It  appears  that  some  undissolved  carbides  remain 
in  the  matrix. 


Figure  14  Neg.  #286-1967  Mag:  l.OOOX 

Head,  position  7.  This  structure,  also  tempered  martensite,  exists  at  the  center 
of  the  base  or  head  area.  This  shows  that  the  quench  is  adequate  -  all  the  austenite 
in  the  case  is  transforming  to  martensite  as  required. 


Hardness 


No.  1  No.  2 


Distance  from  Base  (in.) 

0° 

130° 

0° 

180° 

.500 

31 

31 

31 

31 

.250 

31 

31 

31 

31 

Base  Position 

A 

24 

28 

30 

24 

B 

27 

30 

31 

28 

C 

23 

30 

31 

2$ 

D 

28 

29 

31 

29 

The  mouth  area  is  sufficiently  soft  to  allow  crimping.  However,  the  sidewall  is 
significantly  harder  than  that  obtained  with  previous  lots.  This  accounts  for  the 
improved  ballistic  success  achieved  by  this  process. 

METALLURGICAL  EVALUATION  OF  CASE  LOTS  MANUFACTURED  FROM  SHARON 
Cl 025  STEEL  UNDER  TMP  305 


Hardnesses  and  microstructures  of  TMP  305,  lots  1  thru  8,  are  shown  in  table  II 
and  figures  15  thru  33  respectively;  with  few  exceptions,  hardness  patterns  are 
included  for  each  process  piece  in  these  lots.  The  microstructures  were  obtained 
from  lot-4  pieces;  photographs  from  other  lots  are  not  included  since  all  lots  are 
essentially  identical. 

1.  Strip  (Figures  15  ar.d  16)  -  The  first  20  Sharon  steel  coils  used  for  this 
program  were,  in  general,  harder  than  the  Republic  steel  strip  used  for  TMP  301. 
The  ranges  obtained  for  these  coils  (excluding  4,  5,  and  G)  are  shown  below  (range 
of  five  readings): 


Hardness  of  Sharon  Steel  Strip 


Coil  No. 

Hardness  (Rg) 

Coil  No, 

1 

64  -  69 

10 

2 

67  -  69 

11 

3 

67  -  70 

12 

7 

65  -  67 

13 

8 

65  -  69 

14 

9 

6-1  -  67 

15 

Hardness  (Rg) 

Coil  No. 

Hardness  j 

66  -  67 

16 

70  -  71 

65  -  66 

17 

67  -  65 

64  -  65 

18 

70  -  72 

65  -  66 

19 

69  -  70 

66  -  67 

20 

65 

67  -  69 

2.  Cuo  (Figures  17  and  18)  -  The  hardness  of  the  sidewalls,  as  drawn,  ranged 
from  the  low-to-mid  !)0's  Rg.  The  bases  exhibited  very  little  increase  over  the  strip 
hardness.  After  annealing,  the  sidew-alls,  with  the  exception  of  lots  7  and  3,  were 
in  the  mid-to-upper  GO's  113*  Lots  7  and  8  were  in  the  low  GO'S  Rg.  The  microstruc¬ 
ture  of  an  annealed  cup  shows  that  a  relatively  equiaxed  ferrite  matrix  existed  in  both 
the  sidewall  and  the  base.  (Since  our  primary  interest  was  the  condition  of  the  process 
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FSgggg  15  Jfeg-  $1634-1567  Mag  10-3QX 

ffiaroQ  steel  strip.  LongECadinal  section  frca  coil  ?3,  sinwcing  SQf^  spfceroidizatioa. 


i  Figure  16  rfeg.#lfiJ5-lSS7  Mag  1WWX  • 

1  2; 

>  Ssaroa  steel  strip.  Transverse  section  from  coil  #3-  sbtnrmg  gram  size  of  6  to  S. 


Esse  of  annealed  cup  showing  equiaxed  ferrite.  Hardness  R*,  62-72 


piece  prior  to  subsequent  forming,  microstructures  for  the  cups,  first-draw  pieces, 
and  second-draw  pieces  were  obtained  in  the  annealed  condition  only). 

3.  First  Draw  Piece  (Figures  19  and  20)  -  The  sidewalls  of  the  first-draw  pieces 
were  worked  to  hardnesses  in  the  mid  90!s  Rb.  After  annealing,  the  sidewalls  ranged 
in  the  mid  GO’S  Rb,  with  the  exception  of  lots  1  and  2.  Based  on  1 -piece  samples,  lot 
2  sidewalls  were  up  over  Rg  70,  and  lot  1  exhibited  a  reading  of  Rb  82;  this  was  prob¬ 
ably  caused  by  improper  annealing,  hut  produced  no  excessive  difficulties  at  second 
draw.  The  microstructure  is  essentially  equiaxed  ferrite  and  spheroidal  carbide. 

The  only  evidence  of  previous  working  is  in  the  longitudinal  pattern  of  the  carbides. 

4.  Second  Draw  Piece  (Figures  21  and  22)  -  Second-draw  piece  sidewalls  were 
worked  to  the  hardness  range  Rb  94-101;  after  annealing,  they  exhibited  hardnesses  in 
the  range  RB  60-69.  The  microstructure  of  the  annealed  piece  is  again  equiaxed 
ferrite  and  spheroidal  carbide. 

5.  Headed  Piece  (Figures  23,  24  and  25)  -  The  hardness  table  (Table  II)  shows  the 
condition  of  the  third-draw  piece  in  both  the  as-drawn  and  the  headed  condition.  During 
the  drawing  operation,  the  sidewall  was  worked  to  a  hardness  of  Rg  87-97.  (Ignore 
the  2  1/4  and  2  1/2  inch  positions  since  this  material  is  removed  at  trimming).  During 
heading,  the  head  is  hardened  approximately  15  points  Rb;  the  sidewall  remained  un¬ 
changed.  The  photomicrograph  shows  the  sidewall  in  the  cold-worked  condition.  The 
photomicrograph  of  the  base  was  taker,  from  a  relatively  unworked  area.  The  cold 
shuts  present  on  the  internal  radius  do  not  represent  a  serious  condition;  cold  shuts 

of  this  magnitude  were  present  in  ail  eight  lots. 

6.  Tapered  Case  -  These  pieces  were  not  body  annealed  prior  to  tapering;  a  slight 
hardness  increase  was  noted  in  the  mouth  area. 

7.  Hardened  Case  (Figures  26  to  29)  -  All  lots  exhibited  as-quenched  hardnesses  of 
Rc  50  or  greater  in  the  sidewall  region.  Head  hardnesses,  in  general,  ranged  from 
Rc  46  to  50,  indicating  that  this  area  was  being  quenched  out,  while  the  mouth  area 
remained  relatively  soft.  The  microstructure  of  the  sidewall  and  head  is  essentially 
untempered  martensite,  although  some  high-temperature  transformation  product, 
probably  pearlite,  is  visible  at  the  grain  boundaries  in  the  head  area.  The  shoulder 
area  contains  a  mixed  structure  of  martensite  and  ferrite,  indicating  that  transforma¬ 
tion  was  not  completed  prior  to  quench.  The  mouth  area  is  completely  untransformed. 
The  relatively  fine-grained  structure  is  the  result  of  annealing  the  cold-worked  structure 
produced  during  tapering. 

8.  Tempered  Case  (Figures  30  to  33)  -  Except  for  lots  1  and  6,  the  sidewall  and 
head  hardnesses  of  all  cases  are  within  the  desired  range  (R^  22  to  28).  The  R^  31 
exhibited  by  cases  from  lots  1  and  6  was  probably  the  result  of  a  short  tempering  time 
or  low  temperature.  The  mouth  hardnesses  of  most  cases  were  below  the  desired  range 
of  Rb  65  to  78;  this  did  not  cause  any  problem  since  the  mouth  is  hardened  somewhat 
during  crimping.  The  mic restructures  of  the  base  and  sidewall  arc  essentially  tempered 
martensite.  The  shoulder  area  consists  of  tempered  martensite  and  ferrite.  The 
mouth  area  is  ferrite,  along  with  spheroidal  carbides  remaining  from  the  original  strip 
material. 
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Figure  19  Neg.  #2242-1967  Mag;  500X 

Middle  sidewall  of  annealed  first  draw  piece  showing  eauiaxed  ferrite  and 
spheroidal  carbide.  Hardness  R^  62-68. 


Figure  20  Neg-  #2243-1967  Mag:  500X 

Base  of  annealed  first  draw  piece  sir  .ing  equiaxed  ferrite  and  spheroidal  carbide. 
Hardness  67-75* 
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Figure  21  Bfeg.  ~2LT7—19tl  Kag:  503?- 

Upper  sidewall  of  annealed  second  draw  piece.  The  Eicrosiractcre  is  eqrLsxed 
ferrite  and  spheroidal  carbide.  Hardness  R-0  62-o9- 


Figure  22  Neg.  #2476-196?  Hag:  50 OX 

Base  of  annealed  second  draw  piece.  Microstructure  is  similar  to  tnat  exhibited 
by  the  upper  sidewall.  Hardness  R-D  67-71. 


23 


/a 

"1 

— ' ’  ^  *c 


h 


Figara  24 


Keg.  #3171-1967  Hag;  ISOS 


Cold  scats  in  internal  radius  between  sicg^all  and  base  of  headed  coEEBcneai- 
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Figure  25  Heg.  #3167-1967  Hag:  500X 

Base  of  beaded  piece.  Photomicrograph  shows  structure  of  relatively  unworked 
area.  Hardness  Eb  87-96. 


Figure  26  Heg.  #2984-1967  Hag;  $00X 

Keck  of  hardened  case  showing  completely  untransformed  fine-grained  microstructure 
resulting  from  annealing  of  cold  worked  structure  formed  at  tapering.  Hardness 
Rb  89-10C. 
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Figure  Neg.  #2984-1967  Mag:  500X 

Body-shoulder  junction  of  hardened  case  showing  untempered  martensite  and 
ferrite.  Hardness  Rc  47-54. 


Figure  28  Neg.  #2983-1967  Mag:  500X 
Mid-sidewall  region  of  hardened  case  showing  untemoered  martensite. 
Rc  52-54. 


Hardness 
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Figure  29  Neg.  #2981-1967  Mag:  500X 

Head  of  hardened  case  showing  untempered  martensite.  Hardness  Rc  49-50. 


Figure  30  Neg.  #2978-1967  Mag:  500X 

Neck  of  tempered  case.  Micro structure  contains  ferrite  along  with  spheroidal 
carbides  carried  over  from  the  original  strip  material.  Hardness  Rb  64-65. 
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Figure  31  Neg.  #2980-1967  Mag;  500X 

Body-shoulder  junction  of  tempered  case  showing  tempered  martensite  and  ferrite. 
Hardness  Rb  83-95* 


Figure  32 

Mid-sidewall  region  of  tempered 


Neg.  #2979-1967  Mag:  500X 
case  showing  tempered  martensite. 


Hardness  Rc  26. 
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TABLE  II  -  Hardness  of  7.62mm  Steel 
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PROCESSING 


This  section  summarizes,  with  a  brief  description,  each  operation,  performed  to  pro¬ 
duce  heat  treated  steel  ,  cases  according  to  TMP  305,  at  the  conclusion  of  pilot  pro¬ 
duction. 

Procedures  aiid-cquipmcnt,  specified  are  current  as  of  this  writing.  However,  equip¬ 
ment  and  process  improvement  studies  are  continuing,  particularly  in  the  areas  of 
extrusion,  induction  heat-treating,,  iron  phosphating,  and  surface  finishing.  Efforts 
are  being  made  to  improve  lx>th  the  quality  and  efficiency  of  these  operations,  which 
at  present  have  not  been  developed  to  the  state  necessary  for. continuous  high-volume 
production. 

Tabic  III  presents,  in  columnar  form,,  a  process  comparison  between  the  Frankford 
Arsenal. heat  treated  steel -case  process,  the  former  Frankford  Arsenal  and  LCAAP 
steel  case  process,  used  from.  1954  to  19(50,  and  the  present  brass-case  process  used 
by  the  GOCO  plants.  Identical  operations,  e.g. ,  first  draw,  second  draw,  head,  etc., 
arc  aligned  horizontally. 
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1  Ctg.  Case  Heat  Treat  Process,  (TMP  30.1) 


Figure  35.  7.G2MM 
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Blank  and  Cup  -  Blanking  and  cupping  were  performed  at  Frankford  Arsenal  for  the 
production  of  approximately  1, 200, 000  7. 62MM  steel  cases  processed  under  TMP 
301  and  TMP  305.  An  additional  40, 000  cups  were  produced  for  fabrication  into  cold- 
worked  7.  G2MM  steel  cases.  The  cups  used  in  both  processes  are  identical. 

The  press  used  for  blanking  and  cupping  was  a  Bliss  #G  double  acting  press,  equipped 
with  twin  flywheels,  operating  at  approximately  90  strokes/min.  The  die  set  used 
with  this  press  contained  five  stations,  allowing  up  to  5  cups  to  be  formed  by  each 
press  stroke.  A  single  blank  and  cup  die  was  used  at  each  station  for  completely 
forming  the  cup;  no  sizing  die  was  employed. 

Blanking  and  cupping  were  accomplished  using  oiled  steel  strip  as  received  from  the 
steel  supplier,  without  the  benefit  of  a  zinc  phosphate  coating.  A  trial  run  was  per¬ 
formed  by  wdping  DuPont  "Vydax"  on  the  strip  before  blanking,  wfhich  appeared  to 
lessen  the  force  required  for  cupping,  this  approach  was  never  fully  exploited  due  to 
the  volatility  of  the  Vydax  solvent.  It  was  felt  that  installation  of  the  required  ventil¬ 
ation  equipment  w’ould  be  too  costly  for  the  advantages  gained. 

Lubrication  of  the  unphosphated  strip  proved  to  be  a  continuing  problem  to  which  a 
completely  satisfactory  solution  was  never  found.  Lubro  44,  manufactured  by  G. 
Whitfield  Richards  Company,  pro/ed  to  be  the  most  effective  coolant  solution  tried, 
particularly  when  mixed  with  Lubri-Cool,  manufactured  by  Lord  Laboratories, 

Detroit,  Mich. ,  in  the  amount  of  1  pound  of  Lubri-Cool  to  55  gallons  of  Lubro  44 
solution.  In  production,  a  coolant  concentration  of  1  part  Lubro  44  to  1-1/2  parts 
water  was  found  to  be  most  satisfactory. 

Coolant  solution  was  applied  to  the  tools  using  a  pump-fed  circulating  system  installed 
on  the  press.  Streams  of  lubricant  were  directed  onto  the  top  of  the  stripper  plate  to 
achieve  a  puddling  effect  on  the  upper  surface  of  the  strip.  In  addition,  streams  of 
lubricant  were  also  directed  onto  the  underside  of  the  strip,  between  the  strip  and 
the  die  block.  With  both  of  these  methods  however,  coolant-flow  into  the  dies  ceases 
as  the  blanking  punch  brings  the  bottom  surface  of  the  strip  into  contact  with  the  top 
surface  of  the  die. 
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Due  to  the  lack  of  a  si/.ing  die,  injection  of  coolant  thru  a  lube  ring  located  below  the 
blank  and  cup  die  was  precluded.  Consideration  was  given  to  the  use  of  jets  to  direct 
lubricant  upward  into  the  die  under  pressure,  but  this  was  never  attempted,  due  to 
the  high  viscosity  of  the  coolant  solution  which  requires  the  use  of  relatively  large- 
diameter  tubing  to  deliver  a  sufficient  quantity  of  lubricant  to  the  dies. 


Various  coatings  were  applied  to  the  dies  to  reduce  die  pickup.  Uncoated  chrome- 
plated  dies  were  able  to  be  run  for  approximately  1, 000  pieces  before  pickup  reached 
an  mtolerabk  level.  Rate  of  pickup  was  reduced  with  the  use  of  manganese  phosphated 
dies  coated  with  Surf-Cote  M1284,  a  matrix -bonded  solid  film  lubricant  manufactured 
by  Hohman  Plating  and  Manufacturing  Company,  Dayton,  Ohio,  use  of  this  lubricant, 
qualified  under  MIL-L-8937,  extended  the  interval  between  polishings  of  dies  to 
approximately  8,000  pieces. 
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Die  life,  using  a  mixture  of  Luhro  44  and  Lubri-Cooi,  with  uncoated  dies  manufac¬ 
tured  from  FS-WI-10  or  FS-W1-12  steel,  is  estimated  to  be  approximately  25, 000 
pieces. 

In  an  effort  to  determine  the  effects  of  zinc  phosphate  coating  of  the  strip  on  blanking 
and  cupping,  32  strips,  each  seven  feet  in  length,  were  cut  from  a  coil  of  steel  and 
phosphate  coated,  these  strips,  containing  approximately  4,000  pieces,  were  processed 
with  comparative  ease  -  most  problems  were  eliminated,  and  tool  life  and  production 
rate  were  increased.  A  process  was  also  tried  wherein  partially-formed  cups  were 
made  from  unphosphated  strips.  The  partial  forming  was  performed  with  a  blank  and 
cup  press  without  iror.mg,  minimizing  the  friction  between  the  cup  and  cupping  die. 

The  partially- -formed  cups  were  to  be  phosphated  and  lubed,  and  final-formed  on  a 
modified  first-draw  press.  The  process  was  never  carried  to  completion  due  to  tight 
pilot  production  scheduling,  but  results  appeared  promising  for  further  development. 

Wash  and  Rust  Prevent  -  Following  the  blank  and  cup  operation,  the  cups  were  washed 
to  remove  all  traces  of  dirt  and  lubricant  and  thereby  prevent  the  formation  of  any 
residue  on  the  pieces  during  annealing.  The  rust  prevent! .  e.  consisting  of  a  final 
rinse  in  potassium  dichromate  solution,  retards  rust  formation  during  short  periods 
of  storage,  and  docs  not  require  removal  prior  to  annealing. 

Two  methods  were  used  So  perform  this  operation,  the  first  method,  which  is  prefer¬ 
red.  utilizes  a  Baird  inclinable— barrel  rotary  washer.  The  pieces  are  introduced 
into  the  rotary  barrel  and  rumbled  without  water  (or  with  a  slight  amount,  if  cups 
contain  dried  lubricant)  to  remove  any  burrs  produced  at  the  blank  and  cap  operation. 
The  tumbling  action  produced  by  the  baffles  Within  the  barrel  removes  the  sharp  edges 
from  the  cups  and  facilitates  feeding  to  the  first-draw  press.  The  baffles  »r.  the  rotary 
barrel  of  the  washer  arc  positioned  such  that  rotation  of  the  barrel  m  a  clockwise 
direction  permits  drainage  of  the  solution,  rotation  in  a  counterclockw ise  direction 
retains  the  solution,  both  cleaning  and  rast  preventive  soiuuons  are  added  manually . 

The  second  method  of  performing  the  wash-and-rust  present  operation  utilizes  a 
Niagara  washer,  this  method  lacks  the  rumbling  action  of  the  Baird  washer.  Seicral 
lots  of  cups  were  processed  in  this  manner  when  the  Baird  washer  was  unavailable, 
but  only  as  an  emergency  measure  to  maintain  production  schedules.  No  serious 
difficulties  were  encountered  at  first  draw  due  to  the  presence  of  burrs  on  the  cups. 
Two  advantages  of  the  Niagara  washer  arc  its  drying  section,  which  aids  in  rust 
prevention,  and  its  relatively  high  speed. 

The  Niagara  washer  uses  a  rotating  barrel  w  ith  an  augur  to  transfer  the  pieces  from 
oiu  solution  to  the  next.  The  work  is  carried  in  the  barrel  above  the  solution  surface, 
scoops  built  into  the  external  surface  of  the  barrel  raise  the  solution  into  the  barrel, 
immersing  the  pieces,  the  solution  drams  back  into  the  holding  reservoir  thru  holes 
in  the  barrel. 
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Anneal  for  First  Draw  -  In  all  lots  of  heat  treated  cases,  the  cups  were  annealed  in  a 
Lindberg  furnace  prior  to  first  draw.  The  purpose  of  this  anneal  is  to  reform  the 
relatively  -cquiaxed  gram  structure  present  in  the  original  steel  strip,  thereby  in¬ 
creasing  the  ductility  of  the  material  and  rendering  it  more  suitable  for  additional 
forming. 

TMP  HOI  required  a  hardness  of  Rg  -1S-55  on  the  outer  sidewall  1/16"  above  the 
junction  of  base  and  sidewall  (not  1/1G"  from  inside  base,  as  stated  in  the  TMP), 
during  processing,  it  was  discovered  that  the  Lmdberg  furnace,  using  the  maximum 
healing  and  cooling  times  available,  would  not  deliver  this  hardness  -  the  minimum 
hardness  obtainable  was  approximately  Rg  59-62  at  the  specified  position.  Actually, 
this  material  «Os  probably  mcajjablu  of  being  annealed  to  Rg  4S-55  by  any  conventional 
annealing  cycle.  Processing  was  satisfactory  at  this  hardness,  and  TUP  305  sub¬ 
sequently  specified  a  slightly  higher  hardness  oi  Rg  65  max. 

The  furnace  used  for  annealing  was  a  3-zone  rotary  retort-type  furnace  utilizing  a 
carbon  monoxide  atmosphere  f»»  prevent  oxidation  of  the  components  during  heating 
and  cooling.  The  temperature  within  the  retort  is  controlled  by  zones,  entrance, 
center,  ami  discharge.  During  llic  annealing  cycle,  all  zones  were  maintained  at 
1:»20°F.  Due  to  heat  loss  thru  the  wall  of  the  retort,  the  temperature  of  the  pieces 
is  maintained  at  1290°F. 

Phosphate  Coat  and  Lubricate  -  Following  annealing,  ths.  pieces  were  cleaned,  pickled, 
zinc  phosphated.  and  lubricated. 

The  machine  used  to  perform  this  operation  w  as  a  2-sectioa,  rotary -cy  linder  type 
machine  manufactured  by  N.  Ransohoff,  Inc.  The  various  cleaning  and  coating 
solutions  are  maintained  at  the  proper  temperatures  until  ready  for  use,  when  they 
arc  pumped  into  the  first  section  of  the  rotary  cylinder  containing  the  work.  Upon 
completion  of  the  cleaning  and  zinc  phosphating  stages,  the  work  is  transferred  to 
the  second  section  of  the  rotary  cylinder,  containing  the  lubricant  solution,  by  re¬ 
versal  of  the  direction  of  rotation  of  the  drum. 

The  first  stage  of  the  phosphate  coat  and  lubricate  operation  consists  of  a  cleaning 
treatment  in  alkaline  solution  to  remove  grease,  oil  and  similar  foreign  matter,  this 
is  followed  by  a  hot  water  rinse. 

A  pickle  stage  follows,  using  hot  sulfuric  acid  solution  to  remove  any  oxidation  and 
scale  formed  during  annealing,  and  to  etch  the  surface  slightly  to  provide  a  surface 
to  which  the  /.me  phosphate  will  adhere.  Pickling  is  followed  by  a  cold-water  rinse. 

The  zinc -phosphate  coating  is  the  last  operation  performed  in  the  first  section  of  the 
rotary  drum.  The  coating  used  was  Bondcrite  160X,  which  is  an  adherent  coating 
used  to  retain  the  lubricant  film  during  subsequent  forming  operations.  A  cold-water 
rinse  fellows  the  zinc  phosphate  application. 

Follow  ing  phosphating,  the  pieces  are  transferred  to  the  second  section  of  the  rotary- 
drum  where  the  lubricant  coating  is  applied,  the  lubricating  compound  used  was 
Bonderlube  235.  The  lubricant  and  the  zinc  phosphate  must  be  purchased  from  the 
same  manufacturer  to  assure  compatibility  between  the  two  coatings. 

First  Draw  -  The  first-draw  operation  was  performed  on  the  annealed  cups  using  a 
Bliss  §62  duplex  press  with  a  5-inch  stroke,  producing  four  pieces  per  stroke  (2 
pieces  each  side).  As  with  all  drawing  operations,  two  dies,  top  and  bottom,  were 
used  to  form  the  meta’.,  these  were  used  in  conjunction  with  a  guide  ring  and  a  stripper, 
but  no  lube  ring  was  used. 
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Udofc.  itot  aaf  ISrr  - 


AgataS  awrfliri  Deawr  -Tito  **tn*xm  £s  aofftacaff  V»  Ifcc noataa  fa  mmubA  dka*-. 
A>m-jAoicn«^'iTrgMnt<vsca^Crte-jaii*  Jtcuwi  fans,  abfc  hurAiess  of 

S3  SS-^ssifflat*^ly1t3iP3ai^<dBgMt^»tCttsa«gi&>elJ5afe«^<Bgaa(Ct5CWPiit- 
stjatasSr..  a  ttravrwter:  foyviMCttc  *4  St^  CStku  ag*c2atidf&£TJSP 

Ceafl,  aotfi  gjB&gitaac*  - 1fet»  wperaima  as  ioesaacaS  aa  lhfc  pfroagftifceaat 
acnfi  3s£*ues*c*  nyaraftitHn  jjancotifiam  £rs*ft  ijtw. 

•gBasta  teaac  ~‘?hc«»g*3ipa2icsa.wtfici£l»&tt?24«^  ^jiirmatfesseataC&r 

aStsfikad Bw Caae. otfc^E fexr the aKotaad ttfaf*.  TT^peitijfctesMuwas ifusa SCissseadea 
5»ta.Saf»wc3«  caicncacwd  sSraiU:  *fi  ease  radtes;  Site  Badges*  serai*  «t£  rw^patfeS 
tSai  eB*.  «£«»*•  peuach  wt»tS«2  c-c-^r  thr  tnrp  «ff  tie  s*ctun£-«5rii»*-  czar&caiaz.  ap*W£ 
aenfi  s*  ciias.  Eaie  £aa2  t&anc  «rmrg*cmtafi.  w»uS£  £*e  j?tsf  SstsS  efimptkcey*.  tjtes'SSfc  aftrigajer  «a 
c»dsyodli»a!  atf  tie  serai*.  The  prass  usne5.®as3a  acvrrr^tciat;  a 

ssnxsjssi  o£  tixw  p«&rihis.  alA  iugn  a  i&ayfffc  puasds  was  aacd  Sag  gaBsC.  groSaastc. 

The  tfce*'  {pumrtb  ut*£t2  a*L  £ns3  «£ra*«'  tr^affpiraSttS  S*«is-  Sagers.  wSasa  dfegrasgtttd'Bbi; 
ernes*  srfimsfiS  sSage  »£  cIUc  HiausSed  caisttro^jt*  caa*.  Fhakrr*  za  SHcaiS  cart  aqjsatsa 
ugurcs.  petjgvrrfly  mat*:  £tua*£  &$•&*•  she  cans*  off  cjawaaStgesttial  gugtaacs  eggcegaunttfi  as 
pewtf  Ersh»£_  tiiese  HunCemcS  witjne  aa  a  cLaraae*  l.C&SJ"  frena-tae*  irsaSe 

Ease  <wT  tie  case  —  cHat*  ct«nres5»«fe;  o»  tie  jpaxaawn  sweat  ©St  swat  tapers.  ««a  ttofrna- 
cSsasr  punKfc. 

Taisia.  Stott  PuTtacclss*  Etrsc.  ac*2  ffibu  -  Thas  ocrerasacm  ns  a^r.auzaS  5«*  c5.it  BtoSt,  rasa 
piewBtaihne  rasse*  aafl  dky  c?&nCMa  StSfoKitig;  Sums.  craar. 

Tessa  -  The  ctatcSsag  cased  to  cccfcera  tBas  *&crxz£AG  was.  s:  gKrarecxag 

Ssisa  ssacSaaoe,  asaocfwtsanc^Siy  ffVc&2«i.  'SDi®s**su^  tr^^sresgeexh  swasy 

acpd  2*=rffvs®  catSt-sras;  s^siatffle  Sv**«2  esna  was  IT-S^  irjcs  —  evjn*-~  <fpwa  kk  irp~i . 

JSorBcSwracauai  »as  xssc£  aft  afct  ftriaa  cpca-iSi ecc,  oswer,  a,  was  5v>*rd  a  pscaacaaco  t±sx 
csaaB2s*-a«»3  SsfewaseiSeiaJedEty  ixMrz&trxlyzn  i£  Ei»  wasb.  rcsl  p>areiygi.are  -exsse^ 

«Snr  c&eaaiioa  ieaaacffiaftdly  pncrt&ag. 

Stegt  -  Tbe  p*afj?«»c  erf  tSac  sftrt.  ojcsaftjwa  Is  5a  sicissiner  ais?  asrsa?  «sr  srcatiiscd  papstts 
psiar  So  ft5ae  fceatfeg  ftpcgaftlwa.  Tfacr  ftna^eJ  paccaes  asie  fed'fcc^abcppeB'cccoa 
satwisg  cKcn^or  Ssc£».  where*  Ehc  w?«ralor . perSbrcrs  a  1©3j,  fiscal  trspscfiissi.  crganrIS? 
psc&isg  €&$,  (^ccftives. 

ilad  aad  jriksftafe  -  Aft  ftnas.  cpcsaliioa  the  aca<2.  fcouSstacp,  ssa.  cts:ae-has«r  cecfi^asasfica 
aine  fioaxxd.  All  proc^ssisg  off  hisS.  £  rented  cases  diiiiUM;  this  "ocie  sbssT  hf^tgrg; 
ftcchasc gee,  dsscisaSicg  the-  Ecocssity  off  pcrjbrcrsrg  separate  harp  aoi'or  pocket 
epera*5ocs. 


The  machine  used  for  heading  was  a  65-too  borizoaial  crank-ar.d-toggle  press  manu¬ 
factured  by  Jarecki  Machine  Company,  having  a  crank  stroke  of  S  1/2”  {pocket  punch), 
and  a  toggle  stroke  of  ?  "/$”  {eject  stem).  Feed  was  by  means  of  a  pin  hopper;  an 
automatic  knockoff  device,  actuated  by  a  limit  sw  itch  on  the  feed  mechanism,,  stopped 
the  press  in  the  event  of  a  feed  steppage  —  this  was  necessary  to  prevent  contact 
between  the  heading  punch  and  eject  stem  when  no  work  was  present  in  the  die. 

A  2-picee  heading  punch  was  used  throughout  the  program  because  of  difficulties 
esaxstend  ta  obtaining  1 -piece  punches,  this  method  was  found  satisfactory,  although 
it-prodseed  a  slight  barr  at- the  junction  of  primer  pocke;  and  head  surface  —  this  burr 
was  subsequently  removed  by  the  addition  of  a  debarring  station  at  the  versing  operation. 
For  Suture  predoefteoa.  it  ss  recommended  that  S-picee  heading  peach  PT  I£K£$J  be 
elslszed.  with  the  pilot  size  modified  to  that  shown  on  drawing  SKFSA  1127?  (0. 2a->I  - 
dasaccerj. 

ttasb.  f hast  - SVexectivc  Rinse.  and  S3hrv  -  This  opcraSton  is  identical  to  the  wash,  rest 
preventive  rinse.  and  dry  opcratico  following  first  craw. 

Sleatd  Taro  -  'She  reaching  Gsed  to  pcriorEa  this  operatioa  was  a  singlcr-sp.ndle  b&r :- 
zoctal  £ttaa2-Ciam  esacfcsc  maas&cgagcd  Sr*  Standard  Kcspp,  spindle  speed  of  2270  rprs. 
ami  eaaaoc  speed  off  -ta  epea  ‘-SG  pieces  per  mnete}  were  foend  to  he  most  satisfactory 
ca  predbeflatteL 

Xo»»j  £ifc  and  breakage  owamsed  t»  he  a  problem,  si shaegh  Improvements  resdted  from 
asSopBcoo  off  the  rpea  cachcse  spared  and  a  change  to  carbide  tooling-  Tow  cowling 
ana  fiAmestoan  were:  ace®e=p!usbcd  hr*  sseaa s  off  an  atomizer  daspensmg  a  mist,  eff  lubri¬ 
cant  tbrecaHy  octo  the  seating'  tte*»5.  lUbncant  canrwa  fee  applied  pr.«cr  ta  the  bead- cam 
epmsatsoo  as  a has  causes  slippage  hcCween  tb£  £wss>3Ee*S.  and  the  rollc t  used  to  grip 

the  piCCC. 

laac  to  tbr  diHscdilcs;  cowemtcred  at  the  cead-gsra  eperstsas.  it  is  recornrefidto 
Shat  any  fcanre  d^clopcnccaaS  sss-rs  oca  head  taming  off  steel  cases  he  'serfomsd  ca  s. 
Bkncic.  stock.  LcisvwsbJ  Brim  each-ac,  BSns  machine,  caving  vanah!e-_-p<eec  msttirs  zed 
ad.ssaah3c  fired  «s  more  i>srsat.Sc  where  derelopniensaS  weak  is  required  W  determine 
cp&iEZjma  speeds  and  feeds. 

Vcciand  Pggcrr  -  Tbe  vect-and-deborr  eperstioa.  for  the  steel  case  was  separated 
from  tae  pome  operatwoo  .a  order  that  the  varmsh  app3.ee  ta  the  fimshec  case  w-sdd 
completely  cover  tbs  case,  ineibdirg  the  venthole.  Venting  at  this  stage  ais-?  results 
in  more  salssfiacEory  oucnch.rg  at  the  garden  mg  operation. 

Tee  catchunc  used  was  a  crank-and-rooucr.  vertical,  straight-line.  smdcrdnve  prsmer- 
msert  ssaca.se  grans hacta red  %  tVslertaary  Fared  Foundry  and  ilachmc  Ccmpany.  the 
machmc  was  altered  by  nrsoinl  off  stations.  sa  order  that  only  the  here.  vent.  and 
EO-rcci  detect  ffsincfices  wwcld  be  performed. 

Various  automatic  knodk^i  devices  were  incorporated  iiU.  fix  machine  setup.  these 
were  as  follows: 


a.  At  the  burr  station  a  knockoff  device  was  actuated  in  the  event  that  a  case  failed 
to  fecdjnto  the  machine. 

b.  At  !>oth  the  first-asd-sccond  co-vent  detect  stations,  a  krjOekoiT  device  was 
actuated  in  the  event  that  a  case  was  produced  with  to  venthole,  an  eccentric  vent¬ 
holes  or  with  foreign  matter  in  the  pocket. 

As  stated  in  the  description  of  thc  heail  operation,  the  burr  station  incorporated  in  the 
vent  and  deburr  operation  may  be  eliminated  when  a  1 -piece  heading  punch  is  used. 

In  the  even*,  that  a  1 -piece  heading  punch  is  used  in  future  production,  it  is  recommended 
that  a  horizontal  crank,  single-punch  press  manufactured  by  Derbyshire  Machine 
Company  ,  bt  utilized  to  £*.  rform  the  vent  operation.  The'  Derbyshire  machine  operates 
faster  but  is  unable  to  accommodate  Loih.ihc  venting  punch  and  the  debarring  punch. 

Taner  and  Plug  -  The  iajR.r  -and-plug  iteration  was  performed  on  a  vertical  double- 
action  crank  press.  Bliss  model  162.  The  press  utilizes  a  rotary  indexing  table 
to  feed  the  pieces  to  each  successive  stage  of  the  operation. 

Till*  SOS  and  TJ3P  3GS  specified  a  “ee*  shoaT  taper  in  which  only  one  tapering  station 
was  used  —  thus,  the  stages  in  the  operatioa  consisted  of  mouth-iron,  taper,  .and  plug. 
The  work  produced  In  this  mctlsd  was  satisfactory.  although  consta.,1  surveillance  and 
frciiccn?,  machine adjustment  were  rwpaared  to  mamtais  dimensional  quality  and 
freedom  Cross  physical  defects. 

During  processing  of  Till*  -SCI,  a  first -taper  station  ess  added  which  coned  the  meuth 
of  the  untapered  case  prior  to  Heal  tapermg,  this  change  improved  She  qs-aLty  of  work 
and  reduced  press  downtime. 

The  mouth- i racing  ooeratsoa  was  not  used  bit  a  portion  of  the  production.  pcirtieuLariy 
when  the  work  coming  to  the  taper -and -ping  operation  coctncied  d&  dents  *n  she  mouth 
area,  however,  it  is  recommended,  iSu.  to  the  sertoesntss  of  ceck-and-shculder  area 
dents  and  folds,  that  the  mouth -ironing  operation  be  ctalizcdL 

With  the  processing  of  foA  Iks.  under  TMP  -01.  the  body  anneal,  and  p-bos piste  cost, 
and  lubricate  operations  prceed^ng1  ta.se  r  and  plug  had  been  eliminated.  Processing 
of  lots  6a  thru  Gd  constituted  efforts  to  eliminate  the  a  r  mil  mg  which  was  occurring 
at  the  taper-and-pSag  operation.  Proof  testing  of  Ice.  6d_  mg  success,  showed 

that  she  bed?.  anneal  had  pi'nJLced  a  soli  area  below  the  shoulder  iu  the  upyer  sidewall 
which  did  not,  possess  sufficient  si.  ength  to  resist  the  taper  mg  forces  be*ng  applied 
to  the  shoulder  and  reek,  and  was  sebscKuertiy  wrinkling.  this  was  observed  by  re— 
moving  the  varnish  coal  from  the  upqnv  sidcwail  of  a  split  case  after  firing  —  the 
wrinkles  then  became  readily  visible.  This  same  method  was  used  as  a  ebeds.  on 
processing  at  the  lapcr-acd-viug  upci-foon  to  ass-re  freedom  from  f-lds  -mi  wrinkles 
in  the  neck,  shoulder,  and  upper-bod-*  areas.  The  case  to  be  cxarr,.red  was  rotated 
in  a  lapping  icad  while  fine  emery  cloth  was  held  against  the  areas  to  be  examined  — ~ 
ia  this  manner,  laccciatsocs  were  indicated  by  chhum.shed  areas. 


I  J 

•  M 


It  *as  &smcrwd  that  the  ctonst  oetsjde  seiftce  prior  to  tapering  predated 

the  roost  satisfactory  tapered  case;  a'vas  for  this  reason  that  the  phosphate  coat  aad 
Itbnajc  operation  *w  einmuatfd.  The  ccZy  isbrtcari  esed  «as  a  !^i  illta  of  sola- 

oral  ccSs^  osl  applied  at  a  iabrieaiSto  station  ©a  tbe  press  precc&g  the  first  taper 
siaitoa.  A  crop  of  egtucg  o:I  entrapped  between  the  tapering  ces-aad  case  will  .pro¬ 
duce  a  dent,  as  will  a  biidp  cS  dirt  or  soSid-Msa  isfertcara  —  therefore,  the  amcert 
of  oai  applied  at  the  Eubmcatico  stattoo  sboa!d  be  limited  to  the  minimum  necessary 
to  prevent  esc  heating,  and  ssbscqseat  pseke?  and  scratching  o:  wore, 

ttash,  Rost  Preventive  Rest,  and  D.n  -  Teas  eperatioe  is  EdcntteaS  to  the  wash,  rest 
preventive  ricse.  and  dry  operation  Sallowing  first  craw. 

Finish  T-raas  -  The  fs«sb-arsca  .opesatooa  was  Shi  East:  forming  ogeratsoa  performed 
in  the  case  is^jsssiticSsiiiisg  ^mocss.  The  KyachLn&  used  was  a  sirgLe-spmdlc  vertical 
tram  f&sdstse  isiansics^tjffvd  I*  Fidelity  ysachmc  Company,  having  an  operating  speed 
oS  1JS«  cpsn.  and  a  cutter  s~»irdle  speed  of  2123  rpeu. 

Carbide  cutters.  idcstscaB-eo  ihoat  os*d  for  7.C23-53S  brass, case  .processing,  were 
used  tferosgh^t.  --  too!  left  was  satisfactory  for  the  quantities  of  cases  pmcbeec, 
although  ccttcr-dcstgp  changes  arc  nt-unserded  5jr  processing  ©a  priKSncticc 
quantities  of  steel  cases.  A  smaller  ainacnt  of  metal  ,*s  removed  from  the  steel  ease 
than  is  removed  ffiroca  the  brass-case,  thcss  extending  tco!  Ijfe  slightly. 

In  casing  the  Fidelity  machine  to  perform  she  fimsh-tric;  operation.  it  was  foerd 
rxirttattlariy  ampertani  to  prevent  feed  stoppages  which  weald  allow  the  flexible  feed 
tube  to  Skdoksc  empty.  Wfeca  she  tube  became  empty,  tbs  last,  piece  fed  to  She  machine, 
Enduing  the  dowcwacd  tone*  pnodbeed  k>  the  weight  cf  &c  pieces  in  the  tube,  tended 
te>  Cracow  jed  be  held  by  the  case  swpriOffl  at  a  position  abnormally  close  to  the  head  c-1 
the  case,  causing  n  short-trim  length. 

ttashu  Rust  Preventive  ISmssc.  and  Sir.  -  This  operation  is  identical  to  the  wash,  rust 
preventive  rscse.  aad  dry  operation  following  first  draw. 

Vesual  Inspect.  -  Iftui  /  -  1‘posa  coreplct-on  of  forming  and  ccai-treatssg  operations.  all 
cases  were  visually  inspected  20 *t*  to:  the  defects  listed  in  the  Procedure  for  Control 
si  Qualify  (sec  appends). 

Teas  inspection  is  virtually  identical  in  the  i. seal -aspect  operation  following  varnish 
care. 

El  wa is  faand  lint .  isnisfted-casc  inspection  was  not  ssSicsentto  cull  cct  all 

dclfcSivc-.  particularly  abuse  having  folds  and  wrinkles  occurring  in  the  neck  and 
shoulder.  Many  of  these  defects  are  obscured  by  the  varnish  coating. 

T»»i*  Z&h  lists  this  operation  fol'tweas  tcmcring.  However,  the  c dor  of  the  cases 
following  lcn.;er,r.g  obscured  the  defea  ts  due  to  loss  of  sirhcc  rcHcw»;!>.  Cc-nse- 
ijuccUi.  visual  inflection  »is  L«I-r  |M-rforr,cd  s»nor  to  temper  mg. 


Qiscach  Harden  -  K  jnfccss  of  the  finished  case  is  achieved  by  means  of  an  induclion- 
hcating  cycle  followed  by  a  mouth -down  oriented  quench  m  caustic  soda  solution. 
High-frequency  alternating  current  is  supplied  to  the  induction  coil  by  means  of  a 
IO.OCO  Hr  motor-generator  set. 

Cases  to  be  hardened  are  fed  from  four  hoppers  thsu  flexible  ud>es  to  an  inverting 
mechanism.  An  ejection  device  causes  any  cases  fed  to  the  inverter  upside  down  to 
be  rejected.  The  inverter,  by  means  of  a  "ferris  wheel”,  inverts  the  cases  before 
transferring  them  mouth-down  u*  an  indexing  table.  The  cases  are  held  vertically  in 
transtic  Case  earners  attached  to  the  indexing  table  as  they  arc  passed  transversely 
between  tfoc  costs  of  the  heating,  fixture  by  the  rotation  of  the  table. 

The- magnetic  field produced  by  the  inbcUoa  coil  lifts  the  cases  Slightly  m  the  translte 
holders  nnli.1  they  arc  stooged  by  a  permanently -located  strip  of  nonmagnetic  materia!  - 
thas  pbsstioced,  the  head  and  sidc»all  of  the  case  are  located  within  the  alternating 
field,  much  raises,  the  temperature  to  approximately  1700°F,  for  12  seconds.  The 
c cefi*  and  shoulder  of  the  case  protrude  below  .the  Cad  and  art  heated  only  by  the  weaker 
field  existing  below  the  coil  and  by  conduction  from  the  hotter  portion  of  the  case  — 
Ehsas .positioned,  the  head  and  sidewall  of  the  case  ate  located  within  the  alternating 
formation  to  martensite .  resulting  in  lower  harditssc'  in  these  areas  (see  "iletallargy’ 
section  of  this  report). 

Following  the  beating  cycle,  a  rcSticci  plate  under  the  trassitc  carriers  Is  retracted 
and  tthe  cases,  assisted  by  an  atrobsl,  fell  ncosih-coaraanl  into  four  tubes  leading 
to  the  caustic  qucoch  solution,  a  wire -mesh  conveyor  then  transfers  the  clenched  cases 
from  the  quench  solution  into  a  truck-  for  further  processing. 

T^v>  separate  indexing -table  drives,  both  air-operated,  acre  tried  during  pilot  pro- 
dueicoAof.  steel  cases  --  Iwla  were  operated  by  a  pneumatic  cylinder  operating  thru 
a  Geneva  linkage  located  beneath  the  jndai^;  table,  problems  were  en¬ 

countered  wiik-tafth  «f  these  drives.  Heat  from  the  cartridge  cases  and  the  effect  of 
chemicals  in  th&  vsjijh  solution  caused  lubricants  to  become  ineffective,  .materials 
to  corrode,  and  ig,Tioa  to  increase,  resulting  in  erratic  aperatfoa  and  Inaccurate 
positioning  of  the  ic*,'<ix:ng  tabic. 

At  the  present  time,  an  electric  drive  *s  being  installed  but  has  cot  as  yet  been  tested. 
Drive  is  by  means  ofjst.  ectrse  motui  and  a  positive-stop  transmission  located  above 
the  indexing  tabic,  away  fs  jm  heat  3r.u  chemicals.  Motor  speed  is  continuously  vari¬ 
able  by  means  of  an  SCR  circuit.  A  magnetic  clutch  connects  the  electric  motor  to  the 
transmission,  providing  instant  slarL-and-sio?  capability. 

A  simulated  firing  test  »as  performed  ir.  which  SO  steel  eases  improperly  heat  treated 
head  down,  rather  than  mouth  down,  were  assembled  *r.to  cartridges  and  fired  In  an 
J17r,  machine-gun.  Despite  efforts  and  controls  to  assure  proper  pcsiti onisg,  it  was 
recognized  that  improjici  heat  treatment  such  as  this  was  a  possibility.  Case  casual¬ 
ties  included  two  stopjiagcs,  SO  blown  ,»rimers,  70  large  primer  leaks,  and  t&vp  small 
I -splits,  ali  of  which  were  attributed  to  the  soft  heads,  and  excess.vely  hard  mouths 
and  necks  which  resulted. 
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Due  to  the  extreme  hardness  produced  by  the  quench-harden  operation,  it  is  Inadvisa¬ 
ble  to  store  the  cases  longer  than -necessary  following  this  operation.  Recommended 
time  period  for  storage  prior  to  the  temper  operation  is  two  hours:  maximum.  During 
a  single-shift  production  schedule,  as  followed  in  pilot  production,  It  was  found  difficult 
to  perform  the  quench  harden;  wash,  rust  preventive  rinse,  and  dry;  and  temper  op¬ 
erations  within  one  S-hour  shift.  Thus,  the  following  time  schedule  was  substituted: 
all  cases  quench  hardened  before  noon  were  tempered  the  same  day;  all  cases  quench 
hardened  in  the  afternoon  were  tempered  before  noon  the  following. day. 

Wash.  Rust  .Preventive  Rinse,  and  Dry  -  This  operation  is  identical  to  the  wash,  rust 
preventive-rinse,  and  dry  operation  following  first  draw. 

T ernper  -  The  tempering  operation  is  i»erformt  J  on  a  batch  basis  in  an  electric  furnace 
having  a  rc-circulating  air  atmosphere.  The  interior  of  the  furnace  is  raised  to  S00°F. 
and  the  work  is  maintained  at  thai  ienyierature'fo?  75  minutes. 

burin$  development.  several  different  tempering  Mrr.es  and  temperatures  were  tried 
Indore  the  above  was  adopted.  TMP  .>51  iot  6c  was  tempered  at  SOO°F  for  75  minutes. 
TMP  303  lots  2-3  and  7-ai  were  teropered'at  S50°F  for  75  minutes  tn  order  that  the 
sidewall  hardness  could  k  reduced  to  coincide  w  ids  the  desired  gradient.  With  pro- 
cessmg-of  TMP  203  lot  0,  tempering  was  again  performed  at  £GD°F,  for  73  minutes, 
since  the  case  mouth  was  becoming  excessively  soft.  Final  case  hardness  is  deter- 
nuned  both  by  the  quench-harden  operation,  and  by  the  temper  operation.  Thus, 
adjustments  in. tempering  time  .md/or  temperature  may  he  required  to-nicct  the 
recommended  fintshcd-case  hardness  gradient,  depending  on  lol-’o-lol  variations 
in  hardencd-and-quenched  case  hardness. 

Inr.  Phosphate  -  The  iron  phosphatmg  operation,  consisting  of  several  separate 
operations  utilizing  a  ser.es  of  tanks,  was  performed  to  clean  and  etch  the  cases  and 
provide  a  base  upon  which  to  apply  the  varnish  coating. 

The  pieces  were  placed  «n  a  rotating  perforated  nyloa  barrel  suspended  from  a  hoist, 
sueh  that  the  barrel  could  be  immersed  in  each  solution  tank  for  the  required  time 
Interval  and  then  withdrawn. 

It  is  particularly  important  that  utmost  care  be  taken  to  assure  satisfactory  results  at 
this  stage  of. processing  due  to  the  need  for  adequate  corrosion  protection  of  the  finished 
case,  poor  iron  phosphate  application  precludes  proper  varnishing.  Specification 
TT-C-0tH90a  (Army  MR)  should  be  consulted  for  test  procedures. 

The  ajipcamncc  of  the  iron  phosj&atc  coating  deposits  must  be  contmuoss.  and  the 
coating  must  i»c  uniform  in  texture  awl  evenly  deposited.  The  coating  must  be  golden 
rcllaw  to.purplc  in  color.  There  shall  be  no  smut,  powder,  corrosion  products,  or 
white  stains  due  to  dried  phosphaling  solutions. 
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Varnish  -  Varnishing  was  performed  using  a  centrifuge-type  varnishing  machine, 
manufactured  by  Ronci.  In  operation,  the  iron-phosphated  cases  are  placed  in 
varnishing  ranks  which  are  inserted  one  at  a  time,  into  the  varnish  machine:  The 
cases  are  first  immersed  in  varnish  for  approximately  one  minute,  and  are  then  spun 
for  approximately  one  minute  to  remove  exec.  s  »an;ish.  The  varnish  removed  drains 
back  to  the  varnish  reservoir  in  the  machine. 

The  phenolic  varnish  used  is  purchased  in  accordance  with  M1L-Y-1227C.  Type  in. 
Class  B.  Varnish  viscosity  at  room  temperature  must  be  2«»  to  I>0  seconds,  Zahh 
t'l  cup,  for  proper  application. 

Because  of  the  amount  of  time  and  lalior  involved  in  applying  the  varnish,  using  the 
Ronci- machine,  adarge-cupacitv  production  type  machine  was  designed  and  procured 
in  I960  to  perform  the  varnishing  and  curing  operations  on  a  continuous  basis.  The 
machine  utilized  a  series  of  pnu  which  were  loaded  manually  and  conveyed  the  cases 
through  varnish,  drain,  cure,  and  eject  stations.  Provisions  were  also, made  for 
stripping  the  excess  varnish  from  the  conveyor  pins. prior  to  reloading. 

The  machine  was  tested  using  sample  cases.  Varnish  application  was  satisfactory, 
although  stripping  of  cured  varnish  from  the  conveyor  ,pir.s  could  not  be  accomplished 
satisfactori'v.  Use  of  the  machine  was  consecucntlv  discontinued. 


Varnish  Cure  -  The  varnished  cases  arc  allowed  to  dry  following  varnishing  until 
the  varnish  has  air  dried  to  some  degree.  The  racked  cases  arc  then  wheeled  into 


3  Gcnrsch  ovcn  whcrc  *5>c»  sre  cured  is  (mctul  vCir«pcraiur «.  \  f&sr  a 

minimum  of  20,  minutes.  Total  time  in  the  over.  i.  30  to  53  minutes,  including  the 
time  required  for  the  oven  to  reach  operating  temperature. 


The  color  of  the  cured  ca^es  was  used  .«s  a  genera!  check  or.  the  varnish  curing  opera¬ 
tion.  Properly -cured  cases  were  uniformly  darn,  green  in  appearance,  a  gray  appear- 
ancc  indicated  incomplete  curing,  dark  brown  indicated  excessively  high -curing  tem¬ 
perature  —  both  of  these  latter  conditions  should  be  avoided. 

The  following  test  was  devised  to  check  for  complete  curing:  Three  cases  from  the 
hatch  to  Sic  tested  were  immersed  in  acetone  purchased  i»  accordance  with  Fecerai 
Saiccification  O-A-51,  for  a  period  of  five  minutes.  On  removal  from  the  acetone, 
the  sample  cases  were  rubbed  vigorously  with  the  thumb,  hand,  or  suitable  wiping 
material,  and  visually  insjiected  for  t  viucnce  of  lifting,  bl.stcr.ng.  or  softening  of 
the  varnish.  In  the  event  that  the  sample  cases  failed  to  .  .ss  the  acetone  immersion 
test,  the  group  of  eases  was  returned  to  the  oven  for  additional  curing. 

Varnish  thickness,  as  sjiccsficil  by  drawing  DX  1  0342452,  is  0.0662  to  0.0004".  Varnish 
thickness  is  measured  in  accordance  with  S:>ccii«  cation  TT-C -06490  |Arnr.y  MR).  Salt 
spray  tests  were  performed  on  all  lots  of  heat  treated  cases.  The  test  m  ethod  was  as 
prescribed  by  Federal  Test  Meth  d  Standard  141a,  Method  6001.  However,  reported 
results  of  salt  spray  testing  conveyed  little  useful  data,  primarily  due  to  lack  of  ade¬ 
quate  direction  needed  for  meaningful  evaluation  of  results.  To  evaluate  tesy  results 
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properly  and  to  assurereprbducibihty  m  ihe  future,  thefollowing  guidance  is  offered: 

a.  Twenty  cartridges  are  exposed  to  20%  saii  spray  for  24  hours. 

b.  The  specimens  shall  fee  positioned  m  the  chamber  at  an  angle  of  15°  from  the 
vertical  With  the  bullet  uppermost. 

c.  The  significant  surface  shall  be  that  surface  lying  60°  to  either  side  of  the 
vertical,  i.c. «  the  upjicr  1/3  of  the  circumference. 

(I  The  selectmens  shall  not  lie  scored  as  stated  in  para  3. 4. 2  of  method  GGG1  of 
Ketleml  Test  Method  Stanibrd  Xo.  141. 

e.  The  s.iccimtfiS  shalEhe  rinsed  «*nd  dried  to  remove  corrosion  products  and 
sail,  as  stated  in  para  *  of  method  «ai61»  lie-fort*  examination. 

f.  After  preja ration  lor  cxanusation,  significant  surfaces  of  the  cartridge  shall 
show  k>  sigr*  of  corrosion,  pitting,  or  rusting.  However,  rust  within  I  ^32”  of  any 
edges,  or  on  any  surface  not  reentring  coating  shall  be  permitted. 

Visual  Inspect  -  1  &L  -  This  inspect*.*:  is  similar  to  the  IGOu  visual-inspect  operation 
preceding  quench  harden  <.ng.  At  di.s  inspection^  both  forming  and  coating  defects  are 
culled  out.  Some  types  of  defects  become  more  readily  visible  at  this  operation,  due 
to  the  increased  reflectivity  of  thc  case  surface. 

It  was  found  difficult  to  detect  folds,  draw  scratches,  dents,  and  wrinkles  with  simply 
a  usual  inspection  as  used  iwtn  smalt  caliber  brass  cases.  The  seriousness  of  iheSe 
defects  is  increased  with  the  use  of  steel  —  it  thus  becomes  particularly  important 
that  all  of  these  defectives  k-  removed.  It  iS;  important  that  inspectors  be  trained  in 
advance  to  rccogni/.c  ami  sc]Ktralc  cases  containing  even  the  slightest  defects,  that 
lighting  be  sufTieicnt  anil  th.it  i-.iagnifii  i s  be  of  adequate  size  and  power.  Paddle  hoppers 
of  inspection  machines  am!  all  other  machines  through  which  varnished  cases  pass 
should  be  kept  as  clean  as  possible,  it  was  no. cd  that  inspection-machine  paddie  hoppers 
which  contained  a  build  up  of  dusL  and  nonaiherent  zinc  phosphate  from  the  inspection 
operation  preceding  quench  harden,  severely  scratched  the  varnish  coating  op  the 
cases. 

Prime  -  Primer  insertion  was  performed  using  a  Waterbury  Farrtl  primer  insert 
machine  identical  to  that  used  for  the  vent  and  deburr  operation,  with  the  vent  and 
deburr  stations  removed.  The  two  no-vcnl  detect  stations  were  used  at  both  the  vent 
and  debtirr.  and  prime  ojierations,  while  these  stations  were  not  entirely  necessary  at 
this  stage  oi  ..roccssing,  they  were  included  to  eliminate  the  possibility  of  occurrence 
of  this  serious  defect.  In  the  event  that  the  Derbyshire  venting  machine,  not  having 
no-vent  detect  stations  is  used,  these  stations  must  be  operational  at  priming. 
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At- the  printing  operation,  (using  the  Waterbary  Farrel  vent-and-deburr  press),  the 
following  functions  are  performed; 

a.  No-ease  detect  -  an  automatic  knockoff  device  is  actuated  when  a  ease  is  omitted, 
stopping  the  machine. 

h.  Spread  mouth  -  the  mouth  and  neck  of  the  case  arc  straightened  to  facilitate 
bullet  insertion. 

c.  Xo-vcnt  detect  No.  !  and  2  -  an  automatic  knoekofTdevice  is  acluated  when  s 

missing  venthole  or  ftircign  matter  is  detected  in  the  pockeL  at  either  of  these  two 
stations.  *  ' 

d.  Insert  and  seat  primer  -  the  primer.  fed  in  by  a  conveyor,  is  inserted  into  the 
case  to  the  proper  depth. 

e.  Inverted  and  no-primer  detect  -  in  case  of.  an  inverted  or  missing  primer,  an 
escapement  is  automatically  opened-to  allow  the  case  to  drop  into  a. reject  container. 

f.  Crimp  -  the  metal  immediately  surrounding  the  primer  is  circularly  crimped 
to  rctainthe  primer  in  the  pocket. 

g.  Waterproof  mouth  and  primer  -  waterproofing  compound  is  applied  to  the  case 
mouth  by  means  of  a  plunger,  and  to  the  space  between  the  primer  and  the  pocket. 
Before  cartridge  assembly,  the  mouth  waterproofing. should  be  allowed  to  dry  for  a 
period  of  not  less  that  two  hours,  nor  greater  than  two  days.  This  lime  limit  was 
imposed  as  a  result  of  vacuum  tests  which  indicated  a  high  incidence  of  waterproofing 
failures  caused  by  insufficient  or  excessive  drying  periods. 

PROOF  TESTING 

Simulated  acceptor -;c  testing  was  jierfornied  on  all  lots  of  cartridges  produced  under 
TMP305.  Selected  tests  were  performed  on  TMP  .”01  lots  4,  -oA,  and  GD.  Testing 
was  performed  according  to  A.MCR  713-505  ’'Ammunition  Ballistic  Acceptance  Test 
Methods,  Vo!  3:  Test  Procedures  for  7.G2MM  Cartridges"  dated  Feb  64.  Specifica¬ 
tions  MIL-C-16281C  (A1U),  dated  1  May  05,  and  MIL-C-4G931B  (MU),  dated  1  May  65 
were  used  for  evaluation  of  tracer  and  ball  ammunition,  respectively. 

Briefly,  the  acceptance  tests  fired  and  the  requirements  of  the  tests  are  as  follows: 

Accuracy  -  mean  radii  of  SO  cartridges  fired  at  ambient  temperature  and  at  600- 
yard  range  shall  not  exceed  5. 0  inches  for  ball  ammunition  packed  in  cartons  or  clips, 
7.5  inches  for  ball  ammunition  packed  in  links,  or  15.0  inches  for  tracer  ammunition. 


Velocity  -  .average  velocity  of  20  cartridges  conditio&ed  at  6S°  -  72°  F,  shall  be 
2750  -  30  fps.  Average  velocity  of  20  cartridges  subjected  to  high  or  low  tempera¬ 
tures  shall  not  vary  from  the  average  velocity  of  the  same  lot  conditioned  at  6S°  - 
72°  F.  By  more  that  *250  fps,  nor  more  than  -150  fps. 

Chamber  Pressure  -  average  chamber  pressure  of  20  cartridges  conditioned  at 
65°  -  72°  F.  shallmut  exceed  50,  000  psi.  Average  chamber  pressure  of  20  cartridges 
subjected  to  high  oi  low  tcinjieraUires  shall. not  excced:55, 000  psi,  nor  exceed  the 
average  chamber  pressure  of  the  same  lot. conditioned  at  GS®  -  72°  F,  by  more  than. 
*7,500  psi,  nor  more  tirtn  -15,000  psi. 

Port  Pressure  -  average  port  pressure  of  20  cartridges- conditioned  at  6&o  _  72°  Ff 
shall  be  12.500  i  2,000  psi. 

Aetion  Time  -  average action  time  of  50  cartridges  fired  at  7€»f*  -  2°  F,  shall  not 
exceed  4  niiHisecoads. 

Traeu  -  i.j .*  of  a  sample  of  200  tracer  cartridges  fired  at  ambient  temperature 
must  function  according  to  specification. 

Vacuum  -  50  cartridges  are  immersed  ir>  water  in  a  container  which  is  evacuated 
U*- 7-1/2  psi  Iiciow  atmospheric  pressure.  Data  given  in  table  V  lists  the  number  of 
leaking  cartridges  of  a  sample  of  50,  in  the  event  that  a  re-test  was  performed,  the 
table  lists  the  number  of  leaking  cartridges  of  a  sample  of  100. 

ballet  Pull  -  the  force  required  to  extract  the  bullet  from  the  case  shall  not  be 
less-*  than  6!)  pounds.  Averages  listed  are  for  10  cartridges. 


Function  .i 

ml  Casualty  -  quantities  of  cartridges 

fired  in  each  weapon. 

at  each 

temperate  re. 

arc  listed  belo***: 

Temp  (°  ¥) 

- 

Weapon 

1 70 

-rl25 

■*  1G0 

-65 

M60 

:ioo 

50 

50 

100 

JM52 

500 

50 

50 

100 

MM 

120 

40 

40 

80 

G3 

r2o 

40 

40 

SO 

LA  it 

120 

40 

40 

SO 

1,1  A 1 

120 

40 

4C 

SO 

M73 

1000 

50 

50 

100 

Firing  in  the  M72.  mat  iiincgun  is  not  icquircrf  by  specification  and  was  performed  for 
information  only. 

Permissible  quantities  of  the  defects  shown  in  {he  tables  are  as  follows, 
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JLPJL-J 

SsaaJ  pris&er  hate.  {TPIi  -  Si  *±3»  * 

Sscsts 

X«act  aaJ  si«=;«5tr  j3  asadSS  -  SS  ^  * 

Bc*5y|j|  -  i  P3< 

Ks3f{Kl  :  -  1 

Prssser  sctitica-  -  c*>  ddSctd  il  &J. i  Scast. 

Rti2aw:ta  rsSract  i?X)  -  © 

^STca^w&w  s©S5>5sa3pr  -  © 

*  Xsraac^>  «a  £amcts&«s*%*.  mcfirx  £*»  m5.i<ttfi5-sasaf>Sc-£csSa:a  »'6«a|?crfe»sruc«3  seis  sa 
22I-B  aead  M«S  -yiva^aas,  xukSu  ass  GaaS.  Eac^Sbraatd  wa  TJ2?  233„  jLctL-SA. 

Ti«c  %iivat  &.tssssn^y.  s&ragjg  Sat  is-sd  edj-£ax  a&ggpmsCa&aKE  &£  Bibs:  i-rccJ  Cssii  resales 
j^tsasautta  fca  cSas  icc5jua_  JFb-8  dcfiatik  amt  aprtsaaSsCc  t£  cast  rntfemcxoid  s^ccdLcaXKScs 
aad  csgriaiagcs. 

Txnstc  Ifijcu^^^.misacSjj  oST  5Coc3-«2is«d  bouS  aesgagragaa  fmacx  Cartridge  3L&2.  FAX-SSSIi? 
oiexc  Lr^t-2  ea  aa-MESS  iffiea^saa  fox  gfoxgragiasaS  airpsacs.  Goe-calff  Exe  cartridges 
wemc  Smsc3  e*i.2g,  sSfflMft:  cubksjl*.  sbc  <3aii«er  faSff  'aresmc  Bmtd  ’’‘rsjsS  flirt"".  X©  fcuaascass 
pmaEruccss  er  csaac*  caausjClofcS  were  s®fi*#2- 
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TABLE  SV 

P&fXSj  TEST  RESULTS 
•nip  201 


Lae  -3 


I J5fi  4& 


Lea  ED 


Ceases-  -Psvss 


•»  7**E| 
+12S®Fj 
-  65®  pi 


2325 

k 

* 

2F3I 

! 

t 

a?a 

— 

2150 

t 

l 

2TrT 

4 

2Si3 

f 

i 

l 

) 

2^S5 

•sz-JOi 

l 

43rIS0 

44 -2C0 

43.35S * 

; 

■54,350 

' 

44. SCO 

23. 250 

* 

42.&0D 

41.KQ 

BaBea  iAJB  gbaca^gi . 


fruacaiea  a=ra  Cascaii 


6SPL 

23 

IK 

1SJ 


Double  sample  In 
K  and  G  testing 


2J 

25 

2SPLJ  4SPL  | 

2SJ  j 
! 

*T9  I  *123  ' 

2SPl|  0 
2SP3J  1SPI. 


0 

3SPL 

3SPL 


rest  not  performed 


■J**0V* 


c«*scLrsiaxs 


,’ss  result  t.5rbc  sicv-3-casc  pJXKfoet-ImprovcEseEi  program,.  a-pr«*ce±s''fcas 

f.w\re  cstaKisbesS  asd  oac  miliEoe  steel  ca*cs  have.  been  mi&uIacacrK<3  and  si^bmiited 
for  ET  ST. 

«  ,^ssi:c  i2dfcrm*aa*fl*«o  oS  the  ssccess  «>x  Jsularc  <*f  sit  programs -«3epe»as  ~pu&  El  Si 
res&Iis  sad  T5DCOH  rcccmmeodatioa  regarding  ssasdhrdszagSGa. 


T&r  csgespeseel  used  for  .sEcd  case  pnsasetien  is,  sa  some  iss taoces  soca  as  fecal 
foncg&sg;  asd  varsisa  305*2 pcaSioo.  ot£  satisfactory  for  mass  procheisofi^  la  Ebe  evens 
Bfeat  a  ffar*f^r»r  fc^icccits  accessary  from  brass  to  stccS-case  pao&cst^o,  these 
areas  reill.  respire-  farther  Asritorei 

X«w  eseftbods  and  ceeettpE-s  for  gaaaasacfore  of  a  be£Eer-*s^aLty,  lower-ctst  steel  case 
ire  bursa*  laiestfcssrcsl.  S*resc=ftSj  endicrasy  ar<  stodies  t»l  extrusion  from.  bar  st&cx. 
e*»!=5  ia  !tc&  of  beat  irzating.  ami  automated  otc.-<dis=iffuc2i»c  testing  to  efir.j.0- 

atc  frig  *•*«£<;  error  dfcriisg  final  taspedlttc-  Jo-adshtftiEs.  studies  in.  steeri-case  clevclcp- 
mesa.  2br  oabt-r  5^3  tiers  art*  ccciceaing- 

KECOMMEZSa^ilOXS 

Kceosr^seafists^KSS  regarding  the  foJart  off  7.625SM  E^l-irested.steel  esse  eevelep- 
Esect  dipcral  epoe  ET/SIT  resalEs.  Ic  tic  evc&t  Efesi  type ■  cfessssficafios  as  STU  A  us 
resrsm  ncjadsrtS,  .tie  process  waSMue  sbcStcd  foSfoaing  standardization.,  for  possible 
foiisne  ssc  ia  Efcc  event  that  copper  becomes  ecavaiSable. 

If  slSEsferiSzsaEoa  is  Bug.  recommended,  TECGM  lest  results  arils  be  reviewed  to 
determine  problem  areas  and  ik-ir  possible  causes,  if  it  Is  ccscrEjjscd  that  satisfac¬ 
tory  performance  can  be  obtained  with  little  additional  effort,  it  is  recommended 
that  appropriate  measures  be  taker,  to  correct  the  deficiencies.  If  it  is  determined 
that  correction  of  deficiencies  would  require  much  additional  development,  it  is 
recommended  that  the  process  Ik  shelved  along  with  documentation  indicating  the  level 
of  performance  obfointd  and  suggestions  for  necessary  modifications  to  the  process 
in  the  event  that  change-over  to  steel  case  production  becomes  necessary  and,' or 
economically  feasible. 


o 


Lst  '  jjSi 


1  -5.0*5 


-x  25.000 
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5  20. 000 
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APPESDDC A 
TMP  ^01 

Scasssart  *&  Case  I/As 

process  l  -  C-d 

Ctt?c#c*i  Sr«J&!  \JC  S&Tj ,jt 
2J29  urssh.  rust  pjv.erii’.e  nest.  au>l>*rv, 

!.-0  temper  to  talc  pSacc  *«jsihia  two  Loots,  alter  l---  Landes;  * 
q^aasilv  itcsiaa;  too  small  to  proof  test. 

Cupped  fron  LC  strip  -  ci^aai^td  da?  to  problems  at  B!as&  aad  cup. 
Cupped  Frora  LC  strip  -  fijcoffliOBed  <Soc  to  projects  at  black  arsd  cup. 
Ccpped  %och  1st  ceil  of  ‘RepcMia  steel 
Kardsess  after  2.2  aaneal  59-62  Rg 

Sianfccss  after  1.-7  acocal  5S-5S  Sg 

Wall  JL’ckass  at  1 . 5  fifth;  sects'  measured  at  0.-53~~ 

Deswrrirg:  punch  VP.  5G637  used  at  1.  21  vest  sad  tSektrr. 

J^saspJait  coat  or.lv  at  2.  23  pLospeatte  coat  acd  lubricate. 

Mineral  oil  used  at  1.2-5  taper  and  plug,  and  2.35  recaper  and  replug. 
1.17  phosphate  coat  and  lubricate,  and  1.33  mouth-sad  neck  anneal 
eliminated. 

Alternate  tooling  usedat  1. 13  trim.  2.21  tapes* -and  plug,  ami  I.  Sc 
retaper  and  replug. 

1.27  wash.  rust  preventive  rinse,  and  dry  eliminated. 

1.39  varnish  performed  on  lioset  .machine.  Isnir.ersien  t  ttae  2  «.;n, 
centrifuge  lime  2  1/2  min.  varnish  viscosity  2S  sec  -  Zahn  Xo.2 
cup.  Cured  400°  F.  for  30  min. 

Taken  from  25, 000-piece,  lot  4 
1. 30  temper  at  S75°  F 

Case  casualties  in  function  and  casualty  testing. 

Cupped- from  2d  coil  of  Republic  steel  . 

Suspended  during  processing  ofTot  6a  -  d. 

Divided  into  lots  Ga  to  ud. 

Cupped  from  3d  coil  of  Republic  steel 
Taken  from  19, 000-picce,  lot  6. 

Intended  for  processing  same  as  lot  4a.  until  poor  results  were 
encountered  in  proof  testing,  Xol  processed. 

Entire  head  turned  pipr,e  annealed  at  1340°  F,  in,  lieu  of  body  anneal. 
Suspended  in  favor  of  lot-6d  process. 


*  Numbers  refer  to  operations  in  TMP  301,  Appendix  D 
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L*»S 

CiV 

Process  Used 

6c 

2  000 

Processed  as  i«*  4.  fccJL  Uihwr^  .^^"  body  taperiag  e:e  tr-sSead 

4>:  .ii'-if.  Ssspco>itiJ  er»  fuvor  cf:ot.-jd  process 
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2.&0G 

Processed  as  lot  -5,  fast  *vi>oa  *.22  bode  aoeat  acd  1 .  22  phosphate  coal. 
Gave  satisfactory  re*usls  sn  proof  Eesticg. 

tf 

23.000 

Cqiptt!  froca  4ib  c*«!  of  Repuhhc  stee--  Sspeadt;!  »!:cr  lot  £d  tndb- 
cateri  success. 

5* 

23  (KM 

Cupped  from  3sii  co.i  4  RcpaMtc  siccL  Suspended  after  14  Go  inJE- 
calcd  success. :  0 

s» 

23.0CC* 

C>spped  i’rocj  fth  co.i  »:  ItepdoaEc  steel, 
itankscd  sued  -fc;:ea-d  prior  in  third  draw. 

10 

Scspeatcd  after  lea  *al  i&dicatf^d  success. 

COKspGaed  of  ceps  fror.  )4s  4  -  i».  batva^g  esc esstve  wait  vansntc. 

Si-apcwled  Sficr  ! W  fel  :.d:ca:tu  £aXCSS. 
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TA1P  205 


Summary  of  Cartridge-  Lots 


Lot 

Dale  Accepted 

FAX-S3104 

77.720 

Tracer 

32  Oct  67 

FAX-S3505 

5S.  SStt 

Bail 

7  Nov  67 

FAX-S210G 

>-7.  (HO 

Ball 

IS  Nov  G7 

FAX-S3I07 

92.400 

Ball 

17  Nov  67 

FAX-S3111 

G4.260 

Ball 

5  Dec  67 

FAX-S3I1-1 

53.000 

Ball 

22  Jan  6S 

FAX-S-J114 

97.260 

Bill 

31  Jan-  GS 

FAX-S3115 

125.440 

Hal! 

S  Feb  6S 

FAX-S311G 

SS.4&6 

Tracer 

S  Feb  65 

FAX-S3127 

101.200 

Tracer 

25  Apr  6S 

FAX-S312S 

113. ICO 

Ball 

16  May  66 

Functional  Cartridge  Lots 

FAXL  -S-  3 1  OS 

Sl£ 

SI.  G00 

Composed  of 

3105  iiall  65,280 

3104  Tracer 

16.320 

FAXL  -S-  3100 

10S.S0G 

3106  Ball 

37,040 

3104  Tracer 

21,760 

FAXL -Sr  3110 

99.200 

3107  Ball 

79,360 

3104  Tracer 

19,840 

FAXL  -S-  3112 

40.  S00 

3111  Ball 

32,640 

3104  Tracer 

S,  160 

FAXL  -S-  311 7 

18.400 

3113  Ball 

14. 720 

3104  Tracer 

3,680 

FAXI.  -S-  3118 

121. GOO 

3114  Ball. 

97.2S0 

- 

3116 'Tracer 

24,320 

J SSSH _ Imasoa  mm - “i*  T*o*° 
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APPENDIX  D 


FRANKF08D  ARSENAL 

SMALL  CALIBER  ENGINEERING  DIRECTORATE 
ENGINEERING  DIVISION  IMP  301-7. 62cr= 

Project  Engineer:  Halter  Weis,  U22GO,  Ext.  4233 

Project  Coordinators:  P.  Bertino,  U4100,  Ext.  22251 

S.  White,  U4100,  Ext.  22251 

Subject:  Case,  Cartridge,  Steel,  7.62ms  FATIE4, 

Establish  Manufacturing  Process 

Requirements  and  Instructions: 

Industrial  Services  Directorate,  X100G 

l.  Purchase  sufficient  steel  strip  (phosphate  coated  and  lubricated 
preferred)  in  accordance  with  Specification  KIL-S-645  having  a  carbon  con¬ 
tent  of  0.22  to  0.28  percent  and  a  thickness  of  0.150"'  r  0.006”  to  produce 
150,000  cups.  Process  the  cups  in  25,000  lot  samples  when  requested  by 
Project  Coordinators  through  the  following  sequence  of  operations,  using  the 
tools,  inspection  limits,  hardness  controls  and  solutions  listed.  Identify 
each  sample  lot  in  sequence  beginning  with  TKP  No.  301-7. 62ms,  Lot  1. 

Strip  width  5.125  0.010. 

1.1  Blank  &  Cup 

Press:  crank,  vertical,  double  action  -  Bliss  No.  6 
Tools:  Blanking  punch  SKFSA  11205  Rev.  A 

Cupping  punch  SKFSA  11206 
Blank  &  cup  die  SKFSA  11207  Rev.  B 
Stripper  SKFSA  11208 
Stripper  spring  PT-1006 

Gages  &  limits:  SKFSA  9863  -  outside  diam.  -  0.694-0.700 
SKFSA  9864  -  base  thick.  -  0.150-0.156 
SKFSA  9865  -  wall  thick.  0.180  from  inside 
base  -U. 107-0. 117 
wall  thick,  var.  0.180  from 
inside  base-0.004  max. 
wall  height  var. -0.035  max. 
weight-194  grs .  (approx.) 

Solution:  1  1/2  parts  water  to  1  part  Lubro  #44  or 
4  parts  water  to  1  part  Warco  s?1673 
Hardness:  1/16"  from  inside  basc-Rg  80  to  86 


1.2  Wash 


Barrel:  nital,  rotary,  inclinable,  Baird. 

Solution:  Hot  water,  4  cups  tri-soding  pnosphate;  wa»h 
for  1#2  hour;  Rust  preventive:  pctassiun 
dichrocate  added  to  final  rinse. 

1.3  Anneal 

turnacc:  Lindberg,  atmosphere  controller. 

Hardness:  1/16"  froa  inside  base  -  Rg  48-5S 

14.  Phosphate  coat  &  lubricate 

Machine:  Ra ns oca tic  unit 

1.5  First  Draw 

Press:  crank,  vertical,  duplex  -  Bliss  bo.  62 


Tools:  Punch  FT  1291 

Chide  ring  FE  52210 

To?  die  PTC  1982 

Bottom  die  PIC  1983 

Stripper  PT  1294.% 


Stripper  holder  PT  1005 
Stripper  spring  PT  1006 

Gages  &  Limits:  3KFSA  9866  -  outside  dias.  0.595-0. 600 
FB  36261  -  base  thick.  0.15G-0.158 

SKFSA  9867  -  wall  thick. 

0.500  froa  inside  base  0.058-0.062 
wall  chick,  var. 

0.500  froa  inside  base  0.004  nax. 
Solution:  a  parts  water  to  l  part  Warco  #1673 
Hardness:  1/16'1  from  inside  base  -  Rjj  SO  to  86 


1.6  Wash,  Rust  Preventive  Rinse  &  Dry 


Washer: 

Solution: 

Rust  Preventive: 


Niagara 

9.5  lbs.  of  Ponnsalt  to  200  gals,  of  water 
3  oz.  of  potassium  dichroaate  added  to  rinse 
water 


‘i 


9 

( 


d 
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1.7  Anneal: 


Furnace:  Lindberg,  atmosphere  controlled 
Hardness:  1/16"  from  inside  base  Rg  48  to  55 

1.8  Phosphate  Coat  &  Lubricate 

Machine:  Ransomatic  Unit 

1 . 9  Second  Draw 

Press:  crank,  vertical,  single  action  -  Bliss  No.  304 
Tools^  Punch  PT  1901 

Guide  ring  FB  52211 

Top  die  PTC  1902 

Lub.  ring  SKFSA  10768 

Bottom  die  PTC  121A 

Stripper  PT  1003D 

Stripper  holder  PT  1005B 
Stripper  spring  PT  1006 
Gages  &  Limits: 

FB  36052  -  outside  diam.  0.516-0.519 
SKFSA  9873  -  base  thick.  0.155-0.165 
SKFSA  9874  -  wall  thick. 

1/4"  from  inside  base  0.039-0.0^5 
wall  thick,  var. 

1/41*  from  inside  base  0.005  max. 
wall  thick. 

1  1/8"  from  inside  base  0.020-0.025 
wall  thick,  var. 

11/8  from  inside  base  0.003  max. 

Solution:  4  parts  water  to  1  part  Warco  #1673 
Hardness:  1/16"  from  inside  base  81  to  86 

1.10  Wash,  Rust  Preventive  Rinse  &  Dry 

Washer:  Niagara 

Solution:  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  of  potassium  dichromate  added  to  rinse 
water 

1.11  Anneal 

Furnace:  Lindberg,  atmosphere  controlled 
Hardness:  1/16"  from  inside  base  R_  48  to  55 
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1.12  Phosphate  Coat  &  Lubricate 

Machine:  Ransomatic  unit 

1.13  Third  Draw 

Press:  crank,  vertical,  single  action  -  Bliss  No.  304 
Tools:  Punch  FB  52212 

Guide  ring  SKFSA  10770 

Top  die  PTC  131A 

Bottom  die  PTC  132B 

Stripper  PT  1004E 

Stripper  holder  PT  1005B 
Stripper  spring  PT  1006 
Gages  &  Limits: 

FB  17480  -  outside  diam.  0,463o-0.4642 
FB  22303  -  base  thick. 

FB  23471  -  wall  thick. 

1/4!'  from  inside  base  0.035-0.042 
wall  thick,  var. 

1/4"  from  inside  base  0.006  max. 

FB  23471  -  wall  thick. 

1.70  from  inside  base  0.0095-0.0125 
wall  thick,  var. 

1.70  from  inside  base  0.002  max. 

Solution:  4  parts  water  to  1  part  Warco  #1673 

Hardness:  1/16"  from  inside  base  R  73  to  79 

B 

1.14  Wash,  Rust  Preventive  Rinse  &  Dry- 

Washer:  Niagara 

Solution:  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  potassium  dichromate  added  to  rinse  water 

1.15  Trim: 

Machine:  horizontal,  single  spindle 
Tools:  Cutter  PT  126A 

Spindle  PT  1904 

Sleeve  PT  1907 

Stripper  ring  PT  138 

Nut  PT  1906 

Burring  cutter  PT  1905 

Spring  PT  1971 

Gages  &  Limits: 

SKFSA  9871  -  inside  length  1,840-1,860 
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16  Sort 


Inspection  Beit 

1.17  Phosphate  Coat  S.  Lubricate 

Machine  -  Ranscmatic  unit 

1.18  Head 

Press:  horizontal  toggle  &  crank 
Tools:  Die  PT  146E 

Eject  seen  PT  142C 

Punch  (1  pc.)  PT  1038J  (Modify  pilot  to  size  shown  cn 

SKFSA  11277) 

Punch  (2  pc.)  SKFSA  11277 

Punch  holder  SKFSA  11276 

Gages  &  Limits: 

FB  22321  -  outside  diam.  0.4645-0.4670 
SKFSA  9869  -  pocket  diam.  0.2077-0.2082 
FB  22323  -  pocket  depth  0.1265-0.1305 
FB  22303  -  web  thickness  0.052-0.062 
FB  23482  -  pocket  concentricity  0.003  max, 

FB  23380  -  head  crookedness  0.004  max. 

1*19  Wash,  Rust  Preventive  Rinse  &  Dry 

Washer:  Niagara 

Solution:  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  potassium  dichromate  added  to  rinse  water 

1.20  Head  Turn 

Machine:  horizontal,  single  spindle 
Tools:  Collet  PT  1003B 

Spring  PT  1009 

Form  tool  FB  52213 

Gages  &  limits: 

FC  2884  -  head  diam.  0.467-0.471 

FC  2927  -  head  thick.  0.048-0.053 

FC  2884  -  ext.  groove  diam.  0.403-0.407 
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1.24  Tape*  &  Plug 


Press:  vertical,  double  action,  crank  -  Bliss  No.  162 
Tools:  Mouth  ironing  punch  T  7342 

Mouth  ironing  die  PT  1000 

Mouth  ironing  spring  PT  1012 

Shoulder  die  PTC  1921A 

Body  die  PTC  1989 

Eject  scea  PT  1918 

Plug  punch  PT  159A 

Gages  &  Limits: 

F3  23520  -  profile  of  body 

SKFSA  9870  -  mouth  diam.  0.3078-0.3085 
FB  23522  -  length*  head  to  shoulder  1.6295-1.6325 

FB  23460  -  neck  diam.  0.3413-0.3433 

Lubricant:  lard  oil  (if  necessary) 

1.25  Wash,  Rust  Preventive  Wash  &  Dry 

Washer:  Niagara 

Solution:  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  of  potassium  dichromate  added  to  rinse 
water 

1.26  Finish  Trim 

Machine:  vertical,  single  spindle 
Tools:  Cuttei  PTC  1010B 

Cutter  holder  PT  101 IB 
Support  Cover  PT  1011B 
Retainer  Seat  PT  1923 
Case  Support  T  7242 
Cutter  Clamp  PT  1015A 
Gages  &  Limits: 

FB  23526  -  total  length  2.0003-2.0093 

1.27  Wash,  Rust  Preventive  Rinse  &  Dry 

Washer-  Niagara 

Solution:  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  of  potassium  dichromate  added  to  rinse 
water 
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1.28  Harden 


Machine:  Westinghouse  induction  unit 

Hardness:  1/16  above  extractor  groove  -  42-50 

Temperature:  1650°F£  10°F 

Quench  Solution:  Caustic  Soda  67.  £  0.57. 

Quench  Solution  Temp:  60° F  £  5°F 

1.29  Same  as  Operation  #1.27 

1.30  Temper 

Furnace:  Lindberg  electric  recirculating  air 

Temperature:  800°F  £  10°F  for  75  minutes 

Hardness:  1/16  above  extractor  groove  -  22  to  28 

1.31  Pickle  &  Rinse 

Machine:  Blakeslee  pickling  unit 

1.32  Wash,  Rush  Preventive  Rinse  &  Dry 

Washer:  Niagara 

Solution:.  9.5  lbs.  of  Pennsalt  #30  to  200  gals,  of  water 

Rust  Preventive:  3  oz.  of  potassium  dichromate  added  to  rinse 
water 

1.33  Mouth  &  Neck  Anneal 

Machine:  horizontal  straight-line  twin  screw  conveyor,  gas 

Hardness:  Rockwell  15T 

Distance  from  Mouth  Hardness 

1/8"  82-86 

1/4"  88  min 

1.34  Wash,  Rust  Preventive  &  Dry  (if  necessary) 


1.35  Re  caper  6c  Replug 


Press:  vertical,  double  action,  crank  -  Bliss  Ko,  162 
Tools:  Plugging  punch  PI  159A 
Shoulder  die  PTC  1990 
Body  die  PTC  1989 

Gages  &  Limits: 

SKFSA  9870  -  mouth  diam.  0.3078-0.3085 
FB  23520  -  profile  of  body 

FB  25522  -  length,  head  to  shoulder  1.6295-1.6325 

FB  23460  -  neck  diam.  0.3413-0.3433 

Lubricant:  lard  oil 

1.36  Wash,  Rust  Preventive  Rinse  &  Dry  -  Same  as  #1.32 

1.37  Visual  Inspect 

1.38  Iron  Phosphate  -  to  be  established  and  verified 

1.39  Varnish  -  to  be  established  and  verified 

1.40  Visual  inspect 

1.41  Prime,  Load,  Insert  Bullet,  Gage  6c  Weigh  &  Inspect  - 

Same  machines  as  shown  in  the  Operations  Control  Section  per¬ 
taining  to  Cartridge,  Ball,  NATO,  7.62rans,  M80 

2.  Furnish  gages  required  to  accomplish  this  project 

3.  Record  the  following  information: 

3.1  number  of  pieces  processed  through  each  operation 

3.2  amount  of  scrap  obtained  at  each  operation 

3.3  number  of  pieces  processed  by  each  tool 

3.4  reason  each  tool  is  discarded 


3.5  3aouac  and  cause  of  dcvstiae 


3.6  annealing  and  beat  treating  data  (tine  la  eaen  xcoe,  rise  in 
cooling  chamber,  temperature  in  each  scat,  temperature  and  strength  of  qaench 
solution 

3.7  na chine  speeds 

4.  Record  and  subnit  a  record  of  B?C  ballet  nail,  velocity,  pressure 
and  waterproof  tests  taken  at  leading  epe racier^ 

5.  Perform  a  hardness  test  oa  five  pieces  taken  hourly  from  each  os  tbs 
incendraw  anneals,  the  body  and  sesth  and  neck  anneals,  the  Vesper  anneal 
and  quench  harden  operations.  Submit  resales  to  project  cccrci refers. 

6.  Measure  five  pieces  from  each  cap  and  draw  punch  every  hear.  Beccrd 
and  submit  results  to  project  coordinators . 

7.  Measure  rive  pieces  every  3©  mi  rates  frens  the  trie:  operation  thrsegp 

all  subsequent  operations  with  the  exception  of  the  taper  and  ping  and  retaper 
and  replug  operations,  which  shall  be  measured  every  25  snfretes.  Second  and 
submit  measurements  to  project  coordinators. 

3.  Submit  a  copy  of  the  cartridge  case  IfiKJS  visual  inspec tiers  before  arc 
after  varnishing  operation,  the  gage  and  weigh  operation  and  the  2GGZ  cartridge 
visual  inspections  to  the  project  coordinators.  (Sore:  it  cay  be  necessary 
to  reduce  the  speed  of  tbs  inspection  opera  tiers  to  obtain  proper  iracpeccicn.) 

9.  Perform  a  measurement  survey  (periodic  check)  oa  a  sample  of  ten 
cartridge  ca-.es  each  taken  at  the  begicafrg  and  end  of  each  cay. 

10.  Perfcr-  a  weight  check  on  samples  of  tea  cartridge  cases  each,  taken 
free  the  2nd  1GGZ.  visual  inspection.  Ifce  samples  shall  be  taken  at  the  begin¬ 
ning  and  eni  of  each  day. 

11.  Perfcra  a  hardness  check  on  sanples  of  ten  cartridge  cases  each,  taken 
froa  the  1st  1CG£  visual  inspection.  Ihe  sanples  shall  be  takes  at  the  begin¬ 
ning  and  en*.  of  each  day.  Take  readings  at  positions  shewn  on  cravings 
910521997.  Readings  on  the  head  are  on  the  sidewall  free  the  head  up  to  and 
including  the  1.5  inch  position  shall  be  read  cn  the  Rockwell.  S5S  scale. 
Position  l."75  shall  be  read  on  the  Rockwell  15T  scale. 


12.  Perfor  i  a  hardness  test  on  the  strip  at  the  beginning  and  end  cf  each 


13-  S=??-”  a  saffidasc  quantity  of  Sellers,  Sail-,  3KX0,  7.i2a,  H8Q 
co  accomplish  resrs. 

15.  Scjpiy  a  sufficient  quantity  of  primers  So,  34  ro  accomplish  rests. 

13.  Sqoiy  z  sufficient  purity  of  Uestera  Sail  propellant  ro  accomplish 
rests. 

IS.  Maintain  identity  off  work  ^rosjjj  all  operations. 

17.  ttaaisa  a  complete  cost  ktiMaia  of  eapeacitates  to  Project  Engineer 

IS.  3kws2  ^aostities  of  cartridges  specified  by  Project  Coordinators  to 
cae  5agi aeerfsg  Proof  Testing  laboratories,  E*2C0,  vfcen  requested. 

19.  Pack  cartridges  wees  requested  'ey  Project  Coordinators. 

23.  Section  exetrieje  cases  as  requested  by  Project  Coordinators . 

21.  less we  tools  from  machine  as  each  operation  is  completed  zao  store 
ptoperly  .’identified  . 

22.  Manufacture  ackSiticetal  tools  as  requested. 

g£emaa-5tam  lesexrch  laboratories.  2.1020 


Mechanical;  Me  tall 


23.  ISsrai sc  photomicrographs  of  the  steel  strip  micros  trot  tore-  -  750 
magaif icaicioc  . 

24.  Phmish  photomicrographs  of  samples  of  three  components  each  taken  froa 
the  interdraw^suseals  and  hardening  •  and- -tempering-  operations.  Pho  testier  o- 
grapes  shall  be  taken  of  the  middle  vail  area  using  750  oagni fica cions . 

25.  Svaminr  a  sample  of  five  cartridge  cases  each  for  cold  shut  determina¬ 
tion.  Take  photomicrographs  of  them  (ICO  magnification) . 

Test  and  Evaluation  Division 


Basic  Materials  Evaluation  Branch 


2o.  Pc rtonc  a  vet  chemical  analysis  on  a  sample  of  steel  cartridge 
case  strip  frera  each  coil. 

27.  Perform  hardness  determinations  as  requested  by  Project  Coordinators. 


..Js&m&ems*  mm  ■ 


Environmental  Branch,  Q62Q0 

28.  Perform  a  salt  spray  test  utilizing  a  5%  solution  on  a  sample  of 
rive  cartridge  cases.  Method  of  test  shall  be  in  conformance  with  Federal- 
Test  Method  Standard  No.  151. 

29.  Perform  a  salt  spray  test  utilizing  a  5%  solution  on  a  sample  of 
five  cartridges.  Method  of  test  shall  be  in  conformance  with  Federal  Test 
Method  Standard  No.  151. 


Small  Caliber  Engineering  Directorate.  U1000 
Ammunition  Engineering  Branch. ,U4100 

30.  Forward  samples  of  steel  cartridge  case  strip  to  Basic’  Materials 
Evaluation  Branch,  Q6100  for  a  wet  chemical  analysis. 


31.  Forward  samples  of  the  steel  cartridge  case  strip  to  Mechanical 

,  Metallurgy  Branch,  L7200,  for  photomicrographs  of  grain  structure. 

32.  Forward  three  components  from  each  interdraw  anneal  and  hardening 
operation  to  Mechanical  Metallurgy  Branch,  L7200  for  photomicrographs  of 
grain  structure. 

33.  Forward  five  finished  cases  to  Mechanical  Metallurgy  Branch,  L7200, 

for  cold  shut  determinations  and  photomicrographs.  Take  from  Head  Operation. 

34.  Forward  samples  of  finished  cases  to  the  Basic  Materials  Evaluation 
Branch,  Q6100,  for  hardness  determinations. 

j  . 

35.  Forward  samples  of  varnished  cartridge  cases  and  cartridges  assembled 
with  varnished  cases  to  Environmental  Branch,  Q6200,,  for  salt  spray  testing. 

36.  Properly  identify  all  samples  as  to  program  number,  operation  and  type  of 

j  test  to  be  performed. 


-  <>  a* 
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APPENDIX  E 


FRANKFORD  ARSENAL 

AMMUNITION  DEVELOPMENT  &  ENGINEERING  LABORATORIES 
ENGINEERING  DIVISION  TMP-305r7 . 62MK,  STEEL 


Project  Engineer;; 

Tool  &  Component  Design  Engineer: 
IED  Technical  Administrator: 
Process  Engineers: 

Support  Engineering: 

Metallurgy: 

Chemis  try : 

Subject: 


Walter  Weis,  J7200,  Ext  4233 
Rudolph  Grosskurth,  J7200,  Ext  4194 
Joseph  Charno,  J9100,  Ext  32|l 
Peter  Bertino,  J9100,  Ext-  22251 
S.  White,  J9100,  Ext  22251 

E.  Dougherty,  J4500,  Ext  24195 
W.  Svekla ,  J4400,  Ext  24285 
Manufacture  of  1  Million 
Case,  Cartridge,  Steel,  7.;62nni, 

’FAT1E4  and  Assembly  into  Cartridges, 

M80  &  M62  for  Engineering  and  Service 
Tests 

Instructions  and  Requirements: 

1.  Sufficient  steel  (40  tons)  to  produce  1  million  7. 62ran  steel 
cartridge  cases;,  drawing  No,  FB  30544,  was  ordered  from  Sharon  Steel  Co. 
in  two  heats.  The  first  heat  (approximately  45,000  ibsj  heat  No.  529328 
will  be  delivered  to  Frankford’ Arsenal  on  or  about  17  April  1967;  This 
steel  has  a  carbon  content  of  .26%.  The  second  neat  will  be  poured,  to  supply 
the  remainder  of  the  order  by  15  May  1967.  The  steel  will  not  be  phosphate 
coated.  ISD  shall  process  this  strip  in  the  following  manner  using  the  sequence 
of  operations,  tools,  inspection  limits,  hardness  cpntrols,  and  solutions  listed 
below. 


NOTE:  It  is  imperative  that  the  information  requested  throughout  this  TMP 
be  gathered  as  required.  This  information  is  required'  to  prepare 
specifications.  Technical  Data  Packages,  manufacturing  procedures, 
and  a  final  report  at  the  completion  of  the  program.  Therefore,  each  area 
responsible  for  portions  of  this  TMP  shall  acknowledge  by  submitting  the 
information  monthly  starting  May  1967,  to  the  Project  Engineer,  Mr. 

Walter  Weis,  Bldg.  219-2. 
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Any  discrepancies  or  changes  Co  this  TX?  shall  be  brought  to 
the  attention  of  the  Project  Engineer  as  soon  as  noted. 


L.l  Blank  &  Cap 

Press:  crank,  vertical,  double  action  —  Bliss  So.  6 
Tools:  Blanking  Punch,  SKFSA  11205,  Rev  C 
(hipping- Punch,  SKFSA  11206,  iev  C 
31ank  6  Cap  Die,  SKFSA  11207,  Rev  E 
Stripper,  SKFSA  11203 
Stripper  Spring,  PT-1C06 
Stripper  Holder,  SKFSA  3682 
Gage  lirn.es:  SKFSA  9863  -  O.D.  0.594-0.700 

SKFSA  9864  -  Base  chick.  0.150-0.156 
SKFSA  9365  -  Kail  chick.  0.1S0  inside 
Base  -  0.107-0.117 

Kali  chick,  variation  -  0.1S0  free:  ins  ice 
Ease  -  0.604  aax 

Kail  height  variation  -  0.035  sax 
Weight  -  194  grs  (approx) 

Solution:  1-1/2  parts  water  to  1  part  Inhro  So.  44 
Hardness:  1/16"  from  junction  of  base  and  sidewall 
Kg  £0  to  86 

1.2  Wash,  Rust  Prevent 

Barrel:  oetal,  rotary,  inclinable,  Baird 

Solution:  Hot  water,  4  cups  tri-sodiua  phosphate;  wash  for  1/2 
hour;  Rust  Preventive:  potassium  eichrccate  added  to 
final  rinse. 


t .3  Anneal 


Furnace:  Lindberg,  atmosphere  controlled 
Tenperature:  1320°F 

Time  in  furnace:  longest  time  possible  (approx  102  nin) 
Hardness:  1/16"  froa  junction  of  base  and  sidewall 
R  65  raax 


*  •> 
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1.4  Phosphate  Cose  &  lubricate  ' 

Machine:  Ransoeatic  unit  or  other  appropriate  equipment  |  : 

f 

! 

1.5  First  Draw 


Press: 

crank  vertical  duplex  Bliss  No.  62 

Toots: 

Punch 

PT-1291 

- 

Guide  Ring 

?T- 1366A 

Top  Die 

PTC- 1982 

Bottom  Die 

PXC-1983 

Stripper 

PT-1294A 

Stripper  Spider 

PT-1005 

Stripper  Spring 

PT-1C06 

Gage  Lillies:  SKFSA  9366  -  O.D.  0.595-0.600 

F3  36261  -  base  thick.  0.150-6.158 
SKFSA  9867  -  wall  thick.  0.437  froa  inside  base 
0.058-0.062 

wall  thick,  var. -0.437  iron  inside  base-  - 
0.004  max 

Solution:  6  lbs  industrial  soap  chips  to  50  gals  water.  If  difficulties 
are  encountered,  revert  to  4  parts  water  to  1  part  Warco  No. 
1.673 

Hardness:  I/16,:  frees-  inside  base  R^  80  to  86 
1.6:  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara 

Solution:  7.5  lbs  of  Pcnsalt  to  200  gals  of  HO 
Rust  Preventive:  3  oz  of  potass iua  ~ 

dienroeate  added  to  rinse  water 


1.7  Anneal 

Furnace:  Lindberg,  atmosphere  controlled 
Temperature:  1320°F 

Tine  in  Furnace:  longest  time  possible  (approx  102  min) 
Hardness:  1/16"  above  junction  of  base  and  sidewall  R  66  max 


”t r-oT 


1.8  Phosphate  Coat  &  Lubricate 

Machine:  Ransomatic  unit  of  other  appropriate  equipment 

1.9  Second  Draw: 

Press:  crank,  vertical,  single  action,  Bliss  No.  304 
Tools:  Punch  FT-1901 

Guide  Ring  .FB  52211 

Top  Die  PTC-1902 

Lub  Ring  SKFSA  10768 

Bottom  Die  PTC-121A 

Stripper  PT-1003D 

Stripper  Holder  PT-1005B 

Stripper  Spring  PT-1006 

Gages  &  Limits:  FB  36052.  -  0.Da  0.516-0.519 

SKFSA  9873  4  base  thick.  0.155-0.165 
SKFSA  9874  -  wall  thick.  1/4"  from  inside  base 
0.039-0.045 

wall  thick  var.  -  1/4"  from  inside  base  0.005  max 
SKFSA  9875-1  1/8"  from  inside  base 
wall  thick  -  0.020r0.025 

wall  thick  var-1  1/8"  from  inside  base  0.003  max 
Solution:  6  lbs  industrial  soap  chips  to  50  gals  water.  If 

difficulties  are  encountered,  revert  to  4  parts  water 
to  1  part  Warco  No.  1673. 

Hardness:  1/16"  above  junction  of  base  and  sidewall 
P  81  to  86 

iS 

1.10  Wash,  Rush  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  See  1.6 

1.11  Anneal 

Furnace:  Lindberg,  atmosphere  controlled 
Temperature:  1320 °F 

Time  in  furnace:  longest  time  possible  (approx  102  min) 

Hardness:  1/16"  above  junction  of  base  and  sidewall 
Rg  69  max 


‘  p  *.,= 


1.12  Phosphate  Coat  &  lubricate 

Machine:  Ransonacic  unit  or  ther  appropriate  equipment 

1.13  Third  Draw 


Press: 

Tools: 


crank 


304 


Punch 
Guide  Ring 
Top  Die 
Bottom  Die 
Stripper 
Stripper  Holder- 
Stripper  Spring 
Gages  &  Limits: 


Solution: 


Hardness: 


vertical,  single  action.  Bliss  Ko. 

PT  1903A 
SKFSA  10770 
PTC  131A 
PTC  132A. 

FT1004E 
PT1005* 

PTl006 

FB  17480  outside  dia.  0.4630-0.4642 
FB  22303  base  thick.  0.165-0.174 
FB  23471  wall  thick.  1/4"  from  inside 
base  0.035-0.042 

wall  thick,  war.  1/4"  from  inside 
base  0.006.  pax 

FB  23471  wall  thick  1.70  from  inside 
base  0.0095-0.0125 
wall  thick,  var.  1.70  from  inside 
base  0.002  max 

6lbs  commercial  soap  chips  to  50  gals  water. 

If  difficulties  are  encountered,  revert  to  4  parts 

water  to  1  part  Warco  No.  1673 

1/16"  above  junction  of  base  and  sidewall 

R  73  to  79 
B 


1.14  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  -  See  1.6 


i  Qi 
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5_15  Trias 


JSaiae:  sis gle  spisdle 


Tools:  CksKer 
Splaale 
Sleeve 

Stripper  Mag 
She 

Brrris*'  Otter 
^riag 


SK5SA.  102  6  S 
i&  30254 
S3S5A  6113 
SCFSt  6122 
&  30255 
SCTSi  6219 
SCFSA.  6123 


Caje  &  iiadLes;  SXFSA.  5571  -  i&side  length  1. £40-1.660 


1.16  Sort 


-  Ias?e>e£oa  -  Belt 


1.17  Bead 

Bstssr  Sorizcceal  toggle  6 
.Tools:  3te 

Eject  S£ca 
Patch  Cl -pc) 

:  Jtach  (2  PC) 
iSaos  ■  Solder 

C sger  &  Xiatics:  53  22321  — 
S£~S&  SS63’ 
53.22323  - 
53-22303  -• 
53  23432  - 
53  233S0  - 

1.18  3Cssb,  3kse  Ptcweaeive -Mes* 
SCsscsac:  SSagsre-  See  1.6 


SM.46S  - ' 

2E-142C. 

5*551-2.1277 

•sacrsjt  .11276 

cosaside -<£iau  ©.4645-0.467© 

-  pccJtee  di*.  C^®7-5.23S2 
pccStce  de?tn  0.1265-0.1365 
Wes  chick.  0.B52-G.G62 
■pcckec  ccaceajaricley  0.S03  sax- 
’bead  ercckecaea*  3.5JC4  aax 
i.Stey 


*«*• 


1.19  Head  Turn 


Machine:  horizontal  single  spindle 
Tools:  Collet  PT-1008B 

Spring  PT-1009 

Fora  Tool  F3  52213  (carbide  type  C6) 

Gages  &  Limits:  FC  2884  -  head  dia.  0.467-0i471 

FC  2S27  -  head  thick.  0.048-0.053 
FC  2884  —  ext  groove  dia.  0.403-0.407 

1.20  Vent  &  Deburr 

Machine:  WFF  Primer  Insert 
Tools:  Burr 

Punch  FB  56637 

Stem  FB  186363 

Vent 

Punch  Holder  PT-170B 

Punch  FB  36474 

Die  FB  3S475 

Stem  FB  36476 

1st  So  Vent  Detect 
Holder  PT-176A 

Clamp  PT-179A 

Stem  PTrl77B 

Detect  Pin  PT-178 

2nd  Xo  Vent  Detect  -  Same,  as  1st  No  Vent  Detect 
Gages  &  Limits:  SKFSA  9868  -  dia.  of  vent  hole. 

0.078-0.082 

Note;  Operation  and  tools  mentioned  above  art  to  be  used  when  two 
piece  heading  punch  is  used  at  heading  operation. 

1.21  Taper  &  Plug 

Press:  vertical,  double  action,  crank  -  Bliss  No.  162 
Tools:  Mouth  ironing  punch  FA  33875 

Mouth  ironing  die  PT-1000 

Mouth  ironing  spring  PT-1012 

Shoulder  Die  SKFSA  6143 

3ody  Die  PTC-1989 

Eject  Stem  PT1918  or  SKFSA  6142 

Plug  Punch  PT-159A 


1.21  Taper  &  Plug  (cont'd) 

Gages  &  Limits:  FB  23520  -  profile  of  body 

SKFSA.  9870  -  riiouth  dia.  0.3078-0.3085 
FB  23522  -  length,,  head  to  shoulder 
1.6295-1.6325 

FB  23460  -  neck  dia.  0.3413-0.3433 
Lubricant:^  machine  oil 

1.22  Wash,  Rust  Preventive  Rinse  &  Dry 

Washer:  Niagara  (see  1.6) 

1.23  Finish  Trini 

Machine:  vertical,  single  spindle 
Tools:  Cutter  PTC  1010B  or  SKFSA  6148 

Cutter  Holder  PT-1011B  or  SKFSA  6147 
Support  Cover  PT-1014  or  SKFSA  6149 

Retainer  Seat  PT-1923  or  SKFSA  6150 

Case  Support;  FA  33876  or  SKFSA  6149 

Cutter  Clamp  PT-1015A  or  SKFSA  6149 

Gages &  Limits:  FB  23526'  -  total  length  2.003-2.0093 

1.24  Wash,  Rust  Preventive  Rinse  &Dry 
Washer:  Niagara  (see  1.6) 

1.25  Harden  (Temper  within  two  hours) 

Machine:  Westinghouse  induction  unit 
Hardness:  1/16"  above  extractor  groove  -Rq  42-50 
Voltage  Setting:  To  be  established 

Quench  Solution:  Caustic  Soda  6%  i  0,5% 

Quench  Solution  Temp:  60 °F  1  5°F 

1.26  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  (see  1.6) 


1.27  Temper  (within  two  hours  of  Harden  1*25) 

Furnace:  Lindberg,  electric,  recirculating  air 
Temperature:  800°F  ±  10°F  for  75  minutes 
Hardness:  1/16”  above .extractor  groove  Rq  22  to  28. 

1.28  Clean  &  Rinse 

Machine:  Blakeslee  pickling  unit 

Cleaning  agent  to  be  established 

1.29  Wash,  Rust  Preventive  Rinse  &  Dry 
Washer:  Niagara  (see  1.6) 

1.30  Retaper  &  Replug  (if  necessary) 

Press:  vertical,  double  action,  crank  -  Bliss  No.  62 
Tools:  Plugging  Punch  PT-159A 

Shoulder  Die  SKFSA  6143 

Body  Die  PTC- 1989 

Gages  &  ^Limits:  SKFSA  9870  -  mouth  dia  0.3078-0.3085 
FB  23520  -  profile  of  body 
FB  25522  -  length,  head  to  shoulder 
1.6295-1.6325 

FB  23460  -  neck  dia  G<3413t0,3433 

1.31  Wash, Rinse  &  Dry  (if  retaper  is  necessary) 

Washer:  Niagara  (see  1.6) 

1.32  Visual  Inspect 

1.33  Iron  Phosphate  -  to  be  established 

Process  will  be  provided  at  a  later  date. 

Alternate  method  -  Plating  Shop  Bldg  46-1 

1.34  Varnish  -  to  be  established 

Process  will  be  provided  at  a  later  date. 

Alternate  method  -  Ronci  varnishing  machine  and 

curing  oven  located  in  Bldg  39. 


1.33  Visual  lessee: 

1.35  Prise,  lead,  Cije  &  ifcip  &  Inspect: 

Same  aachines  as  sboic  in  the  Operations  Cicrrol  Sec croc 
pertaining  to  Cartridge,  Sail  &  Tracer,  3Ut“G,  7.623H,  5®3  aafi  SS. 

2.  Furnish  gages  required  to  accomplish  this  project; 

3.  Accord  the  following  iczorucicx: 

3.1  SSucber  of  pieces  processed  through  each  operatic*. 

3.2  towet  or  scrap  obtained  at  each  cpeiatioe.- 

3.3  Susuer  of  pieces  processes  art  each  tool. 

3.  '4  Sea  sen  each'  tool  .is  discarded. 

3.5  Amount  -and  cause  .of  -downtime. 

3.6  Xichine  speeds. 

4.  Perform  a  hardness  test  cm  flee  pieces,  tafc$m  hourly,  frqc  «ch 

of  the  interdraw  anneals,.  the  quench  harden  and  reaper  anneal:  cperaticcs. 
Submit  results  to  Project  Engineer,  Mr.  ®.  Weis. 

5.  Measure  five  pieces  from  each  cup  and  draw  punch-  every  hour. 

Record  and  submit  to  Project  engineer. . 

6.  Measure  five  pieces  every  30  minutes  from  the  trim  opera  Elen 
through  all  subsequent  operations  with  the  exception  of  taper  and  plug 
ana  retaper  and  replug  (if  needed),  which  shall  be  measured  every  15 
minutes.  Record  and  submit  measurements  to  Project  Engineer. 

7.  Submit  a  copy  of  the  cartridge  case  1GG£  visual  inspection 
before  and  after  varnishing  operation,  the  gage  and  weigh  operation, 
and  the  1002,  cartridge  visual  inspections  to  the  Project  Engineer. 


5_  rferfcrm  &  ssassreaenc  serve y  (periodic  d*ck)  cn  a  sample  of  ten 
orcrjdjc  cases  «cs,  taken  sc  the  end  of  eich  day. 

5.  Jiarfors  a  wei^:  check  ca  samples  of  ten  cartridge  cases  each. 
lake:  fret*  the  secccd  iC33l  vises!  inspection.  Ike  sables  shall  be 
taken  *c  the  end  of  each  day. 

ICS.  rterfonn  a  hardness  check  sas  samples  of  cea  cartridge  cases  each 
taken  fr%rs  the  first  5 vis-sal  inspection.  The  sanies  shall  be 
cakes  at  the  end  of  each  day.  Take  readings  at  positions  shewn  on 
drawting  S£»_  D1G521997.  Seadicgs  steal!  be  taken  sirrilar  to  brass  case 
csihts  Vickers  KrS  and  2-1/2  lead.  Once  each  week  ten  cases  shall 
be  secticois,  coe-half  section  accnred  and  hardness  tests  taken  at  the 
same  positions  ca  the  secciaoad  sidewall  dsing  dickers  cr  Ibkcn  S? H 
with  a  2-2/2  5^  lead. 

IE.  Perform  a  hardness  test  ca  the  scrip  sc  the  beginning  and  end 
of  each  coil.  Ese  2sc5azeel  “3“  scale. 

12.  Srpply  a  sufficient  qtxtnticy  cf  Bailees,  Ball,  2&TQ,  7. 62m, 

MSG  fee  loading  and  assembling  ££$,€©5  Ball,  KSO,  Cartridges. 

S3.  Supply  a  sufficient  quantity  of  Ballets,  Tracer,  K&70,  7.62m, 
j£62  for  loading  and  ass* molirg  into  260,5(33  Tracer,  K62  Cartridges. 

14.  Sepply  a  sufficient  quantity  of  3&».  35.  primers  for  tests  and 
one  mdlliisa  production  quantity. 

15.  Supply  a  sufficient  quantity  of  l&stern  5=11,  &C346  propellant 
to  accomplish  testing  and  the  one  million  production  a«nc  icy. 

16.  Maintain  identity  of  work  through  ail  operations. 

17.  Thraish  a  complete  cost  breakdown  of  expenditures  to  Project 
Engineer,  !£r.  V.  Sfeis. 


18.  Forward  quantities  of  cartridges  specified  by  Project  Engineer 
to  Engineering  Proof  Testing  Laboratories,  J9200,  when  requested. 

19.  Pack  cartridges  when  requested. 

20.  Remove  tools  from  machine  as  each  operation  is  completed  and 
store  properly  identified,  unless  otherwise  specified. 

21.  Manufacture  additional  tools,  if  required. 


Pitman  Dunn  Research  Lab,  L1000 
Mechanical  Metallurgy  Branch,  L7200 


22.  Furnish  photomicrographs  of  the  steel  strip  microstructure  - 
750  magnification. 


23.  Furnish  photomicrographs  of  samples  of  three  components  each, 
taken  from  the  interdraw  anneals,  hardening  and  tempering  operations. 
Photomicrographs  shall  be  taken  of  the  middle  wall  area  using  750 
magnification. 


24.  Examine  a  sample  of  five  cartridge  cases  each  for  cold  shut 
determinations.  Take  photomicrographs  (100  magnification). 


^ost  &  Evaluation  Division,  Q6000 
Basic  Materials  Evaluation  Branch, 


25.  Perform  a  wet  chemical  analysis  on  a  sample  of  steel  cartridge 
case  strip  from  each  heat  of  Sharon  Steel. 


26.  Perform  hardness  determinations  as  requested  by  Project 
Engineers . 


Environmental  Branch, 


27.  Perform  salt  spray  test  using  57»  and  207.  solutions  on  a 

sample  of  five  cartridge  cases.  Method  of  test  shall  be  in  conformance 

with  Federal  Test  Method  Standard  No.  141. 


I 


28.  Perform  salt  spray  tests  utilizing  57.  and  207.  solutions  on 
samples  of  five  cartridges.  Method  of  test  shall  be  in  conformance 
with  Federal  Test  Method  Standard  No.  141, 

Ammunition  Development  &  Hngr  Lab,  J4000 
Metallurgical  Engr  Branch.  J4400 

29.  Forward  samples  of  cartridge  case  steel  strip  (Sharon  Steel  Co) 
from  both  heats  of  steel  to  Basic  Materials  Evaluation  Branch,  Q6100, 
for  wet  chemical  analysis. 

30.  Forward  samples  of  the  cartridge  case  steel  strip  (Sharon  Steel 
Co)  from  both  heats  of  steel  to  Mechanical  Metallurgical  Branch,  L7200, 
for  photomicrographs  of  grain  structure. 

31.  Forward  three  components  from  each  interdraw  anneal,  hardening 
and  tempering  operation  to  Mechanical  Metallurgical  Branch,  L7200, 
for  photomicrographs  of  grain  structure. 

32.  Forward  five  headed  components  to  Mechanical  Met  Branch,  L7200, 
for  cold  shut  determinations  and  photomicrographs. 

33.  Provide  metallurgical  technical  assistance  where  and  when  required. 

Chemical  Engr  Branch,  J4300 

34.  Forward  samples  of  varnished  cartridge  cases  and  cartridges 
assembled  with  varnished  cases  to  Environmental  Branch,  Q6200,  for  salt 
spray  testing. 

35.  Provide  chemical  technical  assistance  where  and  when  required. 

Small  Caliber  P&M  Engr  Lab,  J9000 
Ammunition  Engr  Branch.  J9100 

36.  Forward  samples  of  finished  cases  to  Basic  Materials  Evaluation 
Branch,  Q6100,  for  hardness  determinations. 

37.  Provide  technical  assistance  relative  to  tooling  and  process 
where  and  when  required. 
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June  1971  Other  -requests  ioi  tins  ducument  must  ne  refer  icdto  the  Commanding  Officer 
Frankford  Arsenal.  Philadelphia.  Pa.  191  :i 7..  Attn:  SMDFA-J720O. 
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13.  AIJTHACT.  y  '  '  TZ"  T  "  -  mTT  .  T 

under  the  Copper  Conservation  Program,  a  process  was  established  and  pilot  facili¬ 
ties  set  up  at  Frankfortl  Arsenal  for  the  production  of  a  heat  treated  steel  case  for  7.  62mm 
^cartridges. 

•Work  was  based  upon  a  previous  attempt  to  develop  a  7.  62mm  steel  case  which  was 
<parlialiv  successful.  Small  lots  of  cases  were  mane iactured  until  a  satisfactory  process  was 
obtained.  The  process  thus  developed. was  usedd'or  production  ol'  one  million  ball  and  tracer 
cartridge.^ which  were  submitted  for  ET/ST. 

/  }*'  ‘ 

Report  covers  process 'development,  process  metallurgy .  processing  methods, 
test  results,  and  quality  assurance.  I  . 
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